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RV TYRODUCTION 


Oil shale, a long-considered potential source of motor fuel in the United 
States, is found over an extensive area in the Green River formation in 


Colorado, Utah, and Wyoming.4/° 

Oil has been retorted commercially from shale in Scotland for many 
years,0/ and work done by the Bureau of Mines and other investigators ha 
shown that it is technically feasible to extract oil from American shales. 
By refining, the shale oil may b2 converted into marketable products simile 
to those manufactured from crude petroleun. | 


The present paper, which was finished in 19386, discusses methods tnat 
would be adavtable to mining certain American snales, and the treatment 
applies specifically to conditions in tie Green River formation on Naval 


4/ Woodruff, E. G., and Dey, D. T:, Oil Shale of Northwestern Colorado 
and Northeastern Utah: Geol. Survey Bull. 581, 1915, pp. 1-22. 

Winchester, D. E., Oil Shale in Northwestern Colorado and Adjacent 
Areas: Geol. Survey Bull: 641, 1917, po. 139-198. 

Winchester, D. K., Oil Shale of the Vinta Basin, Northeastcrn Utah, 
and Results of Distillation of Misescllenexus Shale Samples: Gecl. 
Survey Bull. 691, 1918, rp. 27-55. * 

Winchester, D. &., Oil Shale of the Rock Mountein Region: Geol. Survey 
Bull. 729, 19238, 204 pp. an oo 

6/ Gavin, Martin J., Oil Shale - An Historicel, Technical, end Economic 
| ciucy: Rurecu of Mines Bull. 210, 192<, 201 pp. | 

-6/ Gavin, Martin J., and Desmond, jonn’S., Construction and Opsretion of 
the Bureau of Vines Experimentel] Oil-Shale Flant, 1925-1927: 
Bureau of Mines Bull. 315, 1980, 158 po. 
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Oil Shale Reserve No. 1. Estimates of mining costs, which were calculated 
on wages paid and prices of equipment and supplies in 1981, are based on 
assumptions that are nce stated. 


Wages in men eeleradc have risen enero aay 20 percent and 
prices of equipment and supplies about 33-1/3 percent between 1931 and 
1942. Power costs have remained about the same. All general costs per 
ton should be multinlied | by 1.22 to raise them to the 1942 level. 


: “LOCATION 


Tne shale richest in oi] in the Green River formation on Naval Oil 
Shale Reserve No. 1 usually is found near the top of a high escarprnent and 
outcrops in long lines of bold cliffs. Streams have cut throuvh the beds 
and in many places are 2,000 to 3,000 feet below the escarpment. The costs 
of mining considered in this paper ere based upon conditions near Rulison, 
Colo. (fig. 1), at the experimental oil-shale mine, where shale was obtained 
by the EFureau of Mines for experimental retorting. Sampling done by the 
Bureau of Mines at this mine and by the Union Oil Co. of California in 
diamond drilling on an adjoining tract of Parachute Creek indicated the 
presence of an area of shale having a fairly uniform content of oil and ex- 
tensive enough to permit lerge-scale mining for a period longer than required 
for amortization of the necessary investment. Locaticns perhaps could 
be found where natural conditions would favor lower costs. In places the | 
shale may be found with a small overburden, so that large-scale open-cut 
mining could be done: if so, the cost of mining misht be lower than that 
shown in this paper. oO : | 


The oil-shale area considered here.is about 2 miles from a suitable 
mill site on the Colorado River. As there is no adequate local supply of 
water, water needed for mining would heve to be pumped from the mill site - 
a vertical lift of about 2,500 feet. Owing to the location of the mine near 
the top of an escarpment, little water would be expected in the underground 
workings. The site of the mine plant would be just below the ciifis ona 
steep talus slope, where the altitude is 7,976 feet. Severe weether is to be 
expected in winter. 3 
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Tne mining-machinery houses of Denve ¥ eee quoted prices on 
ae needed to equip the : vines. 


Charles Hi. Teincon! helved the sites to celculate costs and design 
some of “ details of the mining methods shown in this paper. W. R. 
storms: csistec with the fin al 3 revision. i 


DE POSTIS 


The snele contains oil in ywrying amounts over a considerable thickness 
Figure 2\ shows the oil content ‘of a 1,350-fcoot section of shale, as ceter- 
mined by the Union Oil Co. of f Golifornia in crilliny on Parachute Creek 
near suilison, Colo. Figure $=“ shows the legs of the richest section of 
Shale at the Bureau of Mines exnerimentel mins and of a corresponding 
secticn on Parachute Cueek. ‘tthe marker ig a S-inch bed of iron-stained 
-limestone. aa 


Table 1 gives the avoraze thickness and average yield per ton of 
shale for tarce groups of beds in mininz heights of the same section. The 
beds of Group B include those in Groun A, and Croup C contains the layers 
of the other two groups. Methods and costs cf mining the shale in three 
Suess = 20, Sane and 105 foet - (ere considercd in this paper. 


Before mining overe etions are begun, the etes to be mined should be 
sampled thoroughly and sy pciiges ls J to check the previous sampling. 


The specific gravity of sii shale varies inversely 2 the oil content. 
Upon the bases of specific gravity given by W inchestert4/ and by Gavin, 12/ 
which range from 1.4 to 2.2, the following tonnage factors have been used in 
estimating tonnages in the above three mining thicknesses: 20-foot bed, 
15 cubic feet a ton; 44-foot bec,.15.5 Si feet a ton; 106-foot bed, 15 cubic 
feet a ton. 


The shale beds are fairly uniform in  aratitication 2&/ although in 
places they ere quite irremular. The layers vanze in thickness from a few 


Assistant mining enginecr, Bureau of ines, Tucson, Ariz. (Mining | 
encineer at time of revision in 1542. 

Mining engineer, Bureau of Mines, Tucson, Ariz. 

Gavin, Martin J., and Desmond, Jonn 8., Work cited in footnote 6, p. 33. 

Work cited in footnote 5, p. 24. 

Winchester, D. E., Oil Shale of the Rocky Mountain Region; U.S. Geol. 
Survey Bull. 1205-1923; Ba Ld. 

Gevin, M. J., and Sharp, L. H., Some Physical and Chemical Data on oe 
rado Oil Shale: Bureau of Mines Rent. of Investigations 2152, 1920, 6 

Gavin, Martin J., and Desmond, John S., Work cited in footnote 6, p. 20. 
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Figure 3.—Logs of shale at experimental mine and corresponding 
section on 
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inches to sevarel feet, and bedcine plan2s form planes of weakness. Thin 
layers of mud (locally called “‘mnd slivs’’) are present in a few places 
alone bedding planes. The formaticn is neazly flat, the dip usually deine 
about 2° but ranging up te 4°. Major jointing planes are prominent in 
individual beds and forrm planes of weakness through the shale. The shale 
is hard and tough and breaks across the beds with a conchoidal fracture, 
excent wheres tac nreat is influenced Ev jointing 


Characteristics of the Saale That Would Affect Mining 


The roofs of rooms stand well, as shown by the workings at the experi- 
mental oil-chale mine. A room 380 fect across and 100 feet lone has stood 
for two years with but little spalling. From examination of these workings 
it is cousidered that rooms 30 feet wice can La mined safely. However, 
owing to the “‘mucd slins,’’ it weuld avocar advisable to run headings at 
tcp of the sooms so that the roof can te wetched as tne feces advance. 


Owing to the bedded character of tha conosits and as a result of the | 

experience gained in mining to obtain shale icr the experimental retorts, it 
is expected that the shale will brea in ilot slabs, some ci tuem large. The 
mcthod ci mining the 20- end 44-foot thickness is De on this assump- 
tion, wherein provision is made irr handling larg? slabs, ani the shale is 
not to be drawn throvgh chutes until after it is crusned. A caving method 
has bcen worked out for minine the 103-font thickness. As it is expected 
that the shale will break into ierge piec2s, raises larger in cress section 
than in metel mines would be necessary. The bedding planes and jointing 
are expected to allow the shale to cave when a larze enough area has been 
undercut. ‘The first material drawn from the stepes prokavly woulda be 
coarse, but flat slabs would bs broken to Some extent oy the uneven move- 
ment of the broken mass as it traveled dcwnward. After the initial “ara”? 
the shale should come to the drew peints in sizes that covld pass through 
the grizzlies readily. 


14/ ber cs 
The Bureau of Mines hes found that oil-shale dust is explosive, 
and precautions to prevent aust explocions would be necessary in mining 
the shale. : 


Peceause the shale lies in iict beds, - reom-and-pillar meotnod would 
be the most satisfactory for minine and the Z20- and 44-foot thickness of 


simi ee eit lal a incre 

14/ Allison, V. C., and Bauer, A. D., Ezplosibility of Pil-Shale Pust: Chapter 
in Studies of Certain Proverties of Oil Shale and Shale Cil, Pur. ef Mines 
Bull. 415, 1988, pp. 75-81. 
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shale. The proposed plan does not provide for mining the villars. Because 
of the hazard to men working under the high back, it is considered unsafe 

to work the 106-foot bed by an open-stove method; hence, the caving method 
is suggested. 


The minimum tonnage considered would yield 2,000 barrels of oil 
daily, based upon Bureau of Mines assays and the assumption that 95 percent 
of the oil would be extracted in the retorts. As a barrel of oil contains 42 
gallons, 2,000 tons daily mined frora the 20-foot bed (average yield, 44.3 

gallons a ton) would supply 42.1 gallons (95 percent of 44.3) by 2,000 = 2,000 
AZ 
barrels a day (95 percent of as 2 a It is probable that refineries of 


larger capacity would give lower hoe costs. Four thousand tons daily 
from the same bed would produce 4,000 barrels a day. Five thousand tons 
daily from the 44-foot bed (average yield 35.4) likewise would supply 4,000 


barrels daily (96 percent of 35.4 x 5,000). 
| ( fg ee ) 


Assuming a 10-percent dilution of the group C shale (having an average 
yield of 25.4 gallons a ton) by overlying shale containing about 10 gallons of 
oil a ton, 10, 000 tons daily from the 106-foot bed would produce 5,380 
barrels a day. 


Relatively low costs ssid Bence in mining the oil shale, as equip- 
ment best-adapted for the purpose could be procured and the most modern 
practices followed. It would nct be necessary to fit the plan of development 
te existing workings or to use machinery already on the ground. 


The costs given in this report are based upon the average of those 
obtained wnere the best practices are followed under similar conditions. 
Mining costs probably would be higher during the first year or two than later, 
after the operations have become well-organized and the crews properly 
trained. 


As the beds are flat and outcrop at the surface, no hoisting would be 
necessary. Mining would begin about 400 feet from the portal of the main 
entry. This distance woulc be left so that the cliffs would not be weakened by 
subsidence and thus cause damage to the surface plant by loosened shale 
rolling down the steep mountainside. The shale would be transported from 
the mine to a treatment plant by aerial trarnway. 
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Mining 2,000 Tons’ Daily from the 20-fodt Bed 


A panel system of mining is shown in figure 4. The block shown 
contains 20 panels and would supply 2,000 tons daily for 7 years. Costs are 
based upon the assumption that mining would begin at the back cf the block; 
-- rooms: would be started at the outer ends of the panels. The advantages oi 
' guch-a system would be that any ground subsidence that might occur asa 
result of failure of pillars would not interfere with subsequent operation. 

' In addition, a better system of ventilation could be maintained. Other factors 
however, probably woulc make it desirable to start mining the outer end of 
the block. A disadvantage of the retreating system is that about a year woulc 
be required to get the mine ready for production, and all of the overhead 
woulda have to be charzed against this preliminary development work. Anothe 
and serious disadvantage is that the development work for a panel would be 
done beyond the producing area, and_new_panel entries would have to be open 
from the main haulage track, with the possibility of delaying the output of 
shale and of breaking air and water lines. With the advancing system, all 
development work would proceed vast the producing area and would not 
interfere with production. If the retreating system were adopted, all entries 
probably would be started before the permanent piping anc wiring were put 
in; which would increase the cost per foot to some extent. With the advancin; 
system, ventilation could be supplied by running adits at me outside of the 
block for the return air. 


The panels are 1,130 feet long (fig. 4), with 50-foot pillars between 
panels and on each side of the main entry and 100-foot barrier pillars 
between blocks. An 8- by 10-foot entry is run through the panel and 30- 
foot rooms are turned off on each side with 20-foot pillars between. The 


F ( 


rooms are 100 feet long. The tonnage from each room would be 20 x 30 x 1h 
16 

or 5, o25 tons, assuming that the tonnaze from the aie and overbreak in the 

pillars would equal the shale left in the narrow end of the rooms at the 

room necks. In a panel of 43 stopes the tonnage would be 258,750 tons. A 

2Q-panel block would contain 5,175,000 tons. 


The broken shale is to oe dragzec from the rooms to the panel entry 
by scrapers and dumved on a dreg conveyor. The conveyor, in turn, would 
discharge the shale into cars in the main entry for transportation to the 
surface. The use cf power shovels for loadinz the shale directly into the 
cars in the rcoms was considered impractical because of the large, flat 
slabs of shale, which would be difficult to-load.- 


Concentration of stoning overations as much as possible without causing 
congestion would be desirable, both to allow easier supervision and to permit 
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rapic mining of the rooms to minimize the hazard oi falling rock. A daily 
sroduction of 200 tons is expected from each room. To allow for starting 
and finishing rooms and for possible loss cf time 12 rooms would be in 
operation simultaneously. Figure 5 shows, at the right, one completed room, 
Six in full operation, one ready for full. production, and one being prepared, 
on each Side of the tare ae a 


The rooms are cree 2d to have a minimum length of 150 feet. Should 
- the scrapers vrove cificient for longer distances, the width of the panels 
could be increased accordingly, with a corresponding saving in development 
costs. Ore is scraped 400 feet in some metal mines. If modern scraper 
hoists and scrapers are used, 200 to eal aca would be the most 
-economical length for rooms. ie aa o 


Tne desirability of eadiee tne shale ances: into cars in the panel 
entry was considered. To take 2,000 tons daily on two shifts from a single 
entry would require a complicated rnethod of switching cars so that un- 
warranted time would not be lost by the scrapers in waiting for cars to be 
spotted. At best, scraping and haulege costs would be higher. To obviate 
this difficulty it was decided to use a conveyor in the entries. However, by 
spreading out the work in two or more panels, the cars could be leaded by 
the scrapers if the conveyor were not used. 


Development Work 


The development work necessary for @ block consists of a main entry 
8 by 10 by 4,100 feet long, a ventilation raise 7 by 10 by 400 feet high, and 
2,460 feet of &- by &-foot ventilation drift across the back of the block. The 
cost of this work (except 300 feet of the ventilation drift, as explained later) 
would be charzed against the tonnage to be extracted from the block. 


The development work required for each panel would be: Entry, 8 by 
10 by 1,280 fect lonz; ventilation drift, 8 by 8 by 350 feet long; and 46 room 
necks, 10 by 10 by 50 feet.Jong. This work is to be charged spats the 
expected tonnage from each panes 


Main entry. - ~ Under ne retreating vldn, the main entry and the venti- 
lation raise would be run when no other work was in progress. 


Table 2 gives a detailed estimate of the cost of running the main 
entry. This does not include overhead, whicn is carried as a separate item. 


Drilling woula be done by two men cn each shift, and an 8-foot round 
could be broken. It will be noted that the cost of permanent air and water lines 
is included in the estimate. The entries wctld not need to be timbered. 
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TABLE 2. - Labor and supplies for runr for running 3- x 10-foot main entry; 


no other operat a2 in progress {2,000 tons; 20-foot bed) 
| Number of men| Labor scale; 
Labor, per day | | 
NIMC ES sth adinetatenae ceeatasemenenss 4 $ 20.00 
Miners Nelters sicscsstiisednenscends 2 9.00 
LOader OPeLAtOLrS:. .sasissccscicdesias | 2 10.00 
EOader Nel pers xsccsseassnesvesinesees : : 2 9.00 
LOCOMOtIVE OPSLAtOTS cesocceeccees’ 2 10.00 
Loconiotive helpers (switchmen) 2 9.00 
Trackmen and Pipemen ....ccccoces Z) — .§.00 
COMDrPeSSOr MeN. siisdcassssteiesiass ye 11.00 
BIA CK Sith visssvecosewauaseeeectawcas 1 6.00 
POLeMiall wiseesossnsws Sdcinaeewonendaees 1 - 8.00 
Shit BOSSES -<ccwemesweses Gasanccsapens | 13.00 
Total per day (two 8-foot rounds ......cscssssecccercesees se oauc aids ~ 114.00 
Per foot S supiararas ic orasenaracaia sleep aiweteioan cate ae ma einis toes aoe ociewaine auiarvacie ewe neeee 7.13 
Power, 1 per day: - 7 
Compressor, 60 h.p. at $4.05 per h.p..per onie p ooakauwnenseuies &.10 
Locomctive, 20 h.p. at $4.05 per h.p. ver MONth..reccccsceverocees 2.10 
Pan motor, 2O hep. dt 34.05 per 2. ps Der MONséwssseawewiseincesea's 2.10 
AOU Meera wiaiaea aabeiageise poacin susie ib aaa euacus ne den tees ea eseeamsaee noe eaeel 13.60 
Cir TOOL, -wanss wosercns encase aueuina nega cee ceuoees ea nas eanseun vaca osueeueeases 84 
Supplies, cost per foot at mine: 
Powder, 13 4b. at $0: 10 per 1D vntusascenssdaaserttnnndsurceess Seaaeaees 2.06 
PUSS ONG: CA OS vous coasdhiveasdetnneseussecesesnseeseses cesesuesswscceebeenes cin mie 
Rails (20 Ne Oia a.) eaetananconeecn tase seemueseacenhensecsens auakeenais 1.00 
Ties, S x 8 inches by 5 feet lone on 2-1/2 feet centers, at : 
HO; Dew Ils Gia be os aliesmeeaw aia tnntetsnandas acucauasetansae ebeeenene couse et 202 
Air pine, 8 in. diameter (delivered) ........cccccseecces shaieeees obseeee 1.44 
Water pipe, 3 in. diameter (delivered).....cccccccosccccscccscveccccccs 44 
Ventilation pie GnStalled ) cnssdvsagsesicadisampaciedsetssewasseassincls were .50 
ELOUCY Wire: (INS) Led) sscucusenewiadas swcsseaciadeusustouataweaseseaessuese 500 
Drills, steel, and miscellaneous SUPDUCS. ceadsvedsahostaseeoceceuaes 30 
Total supplies per foot......scseceses saad madaneidetacuasceaunancesadne ee 7,34 
GANG (Ota | wasosnateoputemneasesdenaaceanieten sececatndaumasesuacnwiecaotessaicd 15-01 
Allowance of 15 percent for lost time and contingencies ......sees. 2.30 
StIMated: COSE Der FOOU cuss sews dcdindswanacitncnvendecvewseareeness veeecauoiats £7562 
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The cost per ton for the 1,100-fcot main entry charged against the 
hale in the bleck would be _4,100 by $17.31 or 20,014. 
so 1 1, QO0 


VJentilation aise. - ene same Drice per iont is taken for the ventilation 
raise. This raise would not need to be lined, and onlv tenipcraxry timper 
would be cariied up while the raise was extended. The cost of the 400-foot 
raise, as charged against the shale in the block, would be $0.001 a ten. 


Ventilation drift. - The secticn cf the ventile oe Critt 300 feet in 
length back of eacn trance] wewld be criven es a part of the ranel-cevelopment 
work and charged against the shalo ivthe panel. The drift along the side 
of the panel weuld be charred arainst the shale in the block. The length of 
the drift from tne main entry, elong the sice of the panel, and uo the end 
te the pinel entry would be 1,4:10 feet. Allowinzt 350 of these 1,440 feet as 
develepment worx for the panel, 1,080 feet would be charged cgainst the 
block. As the block contains two rov’s of panels (fic. 4), the total lencth of 
the ventilation drift charred against the block would be-4,160 feet.. Tne a 
or running the ventiletien crift, which is smaller in cross section than the 
so entry, is estimated at $15.00 a cela the ‘charge asainst the shole in 

e block would be $0.005 a ton. HULSE "Bie inane oy 


"= ‘ | 
The tctal cest of prelimina ry development work that is to be debited 
acainst the shale as mined es 4 2» Geter Psa enarze is $0.021 a ton. 


Fanel entries and room necks. - In ry nine the panel entries, the broken 
shale would be loaded into cars with mechanical loaders. Tne proken shale 
zrom the room neck and that broken in widenins the entry to the full width 
of the stope also would be handled in the same 72: ner. 


The room necks would be run ccacurrently with the entry after the 
face was advanced far enough so that the various enerctions would net 
interfere with each cther. The broien shale from the heading and the room 
necks could be handlec with the same loauer. 


Atter the work wes vrell-organized and crews were trained for specific 
jobs, & bonus or contract system would be established, under which systems 
it is estimated that the panel entries and roem necks could be run fer 30.49 
or less a foot. on 


Table 8 gives details as to the cost of driving panel entries ana room 
necks, assuming that an S-foot round is drilled ty a three-man drill crew and 
removed by a single mechanicel-loacer crew during cech shift. The panel- 
dovelopment work woulda need to carry only its snare of the overhcad 
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TABLE 3. = Cost of labor and supplies for running 8- by 10-foot panel entr 


Items for two 8-foot rounds — pant Cost per foot 


Four miners at $5 per Shift .......cecccerecese $1.25 
Two miners’ helpers sit 54.50 per shift .... 56 
One loader overators at $5 per shift...... OL 
One loader helver at 54.50 per shift........ As) 
DUDS Ph VISION aicbevsietie ceuuw cok eeneceeeswelewsess 0 
Steel sharpening, 60 bits at $0.10 each..... -00 
Drill repairs, 4 machines at $0.60 each... ako 
Explosives, 13 lb. per foot at S0.16......... 2.08 
MU VACK BG Ie: seporschosacbetevecacesauiesateesess 1.00 
Other SUD SS ss scsee tec usttewievesesscsesucnnueces 56 
Power for drills at $0.75 per drill shift... 19 
Power for mechanical loader......scecseecnces .O9 
UD OLA. GudcicmacintieGee aces aeue ae sex Gausioumnaeeentes 7.07 
Plus 20 percent for delays and other con- 
LING CUCICS asd seesdnda eusossaevedveswesenes saws 20-04 
PANG. COCA | wiisre ease tabinale ds cialebe beled aatuleaisiniaws 135.82 8.49 


1/ 1/2 shift only on each shift, or one mana day. Mechanical loader at 50 
to 75 cu. ft. a minute can clean up face in half shift. 


The labor efficiency is about 1.6 foot a man-shift. The labor for 
sharpening steel and repairing drilling machines, together with power, is 
included in the total charged against stoping, which gives a further percentage 
for contingencies. 


A cost of $10 per foot is allowed for the ventilation drifts; after the 
work is well under way a substantially lower cost probably could be obtained. 


The cost per ton of shale in the panel of the 1,230-foot panel entry, 
45 room necks 20 feet long, and 360 feet of ventilation drift would be $0.040, 
50.080, and $0.014, respectively, a total of $0.084. 


The segregation of the above charges into labor, supervision, drills 


and steel, power, and other supplies is shown in the table at the end of this 
action of the paper giving the summary of costs. 


otoving 

Before actual stoping began, the panel entry would be run, the room 
necks cut, the stope started, the conveyor installed, and the scraper hoist 
Set up. 
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Figure 6.—Method of drilling in room in mining 20- foot bed of oil shale. 
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Drilling and blasting. - The rooms would be stoped by a headinz-and- 
bench method (fig. 6.). As no hand shoveling is contemplated, rounds would 
be drilled in such manner that very little clearing out would be necessary to 
set up a column or drill the holes. | 


A production of 200 tons daily, which would se expected from a room, 
means that an advance of a little over 0 feet must be made daily in the face 
of each stope. 


snould a 10-foot bench round be broken, a heading round, as shown in 
figure 6, would be driiled and Llasted on each of two shifts and the bench 
round on one shift of one day. The headings could be broken full wicth and 
10 feet in height. In this case the bench would be broken with vertical holes. 
If this latter plan proved feasible, a larger tonnage per man-shitt could be 
expected than with the method illustrated in figure 6. 


It would not be practicable to drill on the bench while scraping was 
in progress, but if a round should be missed in the heading on the drilling 
snift, it would be finished while the shale was being removec. 


Two machines would be used in the heading. Each would drill 10 holes 
in the face and three 10-foot slabbing holes at right angles to the face from 
the same set-up. A machine shift would be used for each row of eight 10- 
foot bench holes. The following drilling would be required: 


Drill shifts Feet drilled 


Heading rounds (2).. 4 350 
Fench round (1)}...... Z 150 
Olah tewinseuneoiene 6 620 


A stope boss would be responsible for each two stones under preduction. 
He would be expected to held any miner having difficulty in finishing his 
work. The stoping crew would alternate in two stopes. 


Part of the snale probably will break into fragm ents too large to be 
handled readily by the scrapers. Provision has been made for two jackhammer 
runners on each of the scraper shifts to plug and break boulders too large 
to be handled. 


The cost of labor for stoping, per 10 feet of advance, wceuld then be as 
follows: 


10 shifts of miners at $5.00..... $50.00 
I SHITU. DOSS snuaakieive tei aeawieaeapete b,00 
TOtal ceeetcwoasies seeetanestoeweat bo.00 
SUES -15- 


Google 


LC. 7218 


The cost per ton would be 


The cost of labor per ton for repairing drills and sharpening steel is 
included in the estimate for surface labor costs. The cost of steel, arill 
varts, and otlier supplies is estimated at $0.05 per ton of shale mined. 


The pian cf drilling shown apvlies to the most difficult breaking con- 
ditions likely to be encountered. Production of 58 tons per drill shift is 
indicated; it is probable that this would be exceeded when the. best pemene 
for the conditions existing had been cetermincd. 


The top slabhing holes, which are shown in figure €, are 5 feet apart 
horizontally and 4 feet apart vertically. The bench holes are 6 feet apart 
vertically and 4 feet horizontally. Horizontal bench holes have an advantage 
in that a smoother bottom would be provided for scraping. Drilling the top’ 
slabbing holes as described fits into the drilling rlan Lut may tena to weaken 
the pillars. By drilling the holes across the beds fewer large fragments 
would be expected, althouzn more holes would be required to preak the 
rounds. A compensating saving could be expected in that fewer plugger- 
machine shifts would be needad. 


Drilling the flat holes on the face of the bench presents difficulties. 
Hand-held drills for this purpose would be suspended by a small rope biock 
from a tripod having adjustable legs made of pipe. The bench could be broken 
with vertical holes if found desirable. 


Explosives. - Forty-percent-streneth gelatin dynamite was used 
satisfactorily at the experimental oil-shale mine. Shale or shale dust was 
not ignited by the exnlosive during the cperations; however, only a limited 
amount of snale was mined underground. 


The shale is combustible; rnoreover, under some conditions, shale dust 
forms an explosive mixture with = 


Before blasting, all settled dex in the stopes would be washed down or 
sprinkled. No evider.ce exists that explosive gases would be encountered. All 
blasting is to be done electrically after the crew has left the mine. 


8956 iin ee 


Google 


Ce faL8 


In accition to the standard precautions taken to prevent fires or 
explosions it would be prefereble to use 2 permissible explosive for blasting 
the shale. For a coal-mining explosive to be clessed as “‘permissible,”’ 
only 1-1/2 pounds can be shot in any one hole; however, larger quantities 
than this would be needed per hole to break the shale. 


A carbonite “‘permissible’’ probably would break the shale, but the 
resulting (gases would contain an excessive amount of carbon monoxide. 

Use of a “‘nermissiblie’’ would necessitate a better ventilating system and 
require 2 longer intervel between snifts than if blasting were done witha 
gelatin dynamite. It would be necessary to blast boulders during the lunch 
nour under the plan of mining being considered. This requires an explosive 
such as gelatin, which does not produce much carbon monoxide. 

Forty pezxcent-strengeth gelatin aynamits was used and proved satis- 
factcry at the exverimental oil-shale min2. Shale or shale dust was not 
ignited by the explosive during the Sento put as only a relatively small 
tonnege of shale was mined, this experience cannot be consicered conclusive. 
Tne mining operations, however, indicated the quantity of this explosive 
required per nole to break the ground. The methcds of blasting ana the 
cost of explosives discussed in tnis paper are based uncn use of the 40- 
percent-strength gelatin dynamite. The problem should be studied further 
before actual cperations began. 


The explosive reauired for a ee foot advance in a stope woulda be as 
follows, using 40-nercent-strength zelatin in 1-1/3- by 8-inch cartridges 
ror stoping: ' 


Cartridge2s 


2 headings: rounds, 20 holes each, everare 5 
CATiRIC Ses 0ei NO) Sachi apideenteeeatetepuae: 200 
12 top-slabbinzs holes, averag2 8 cartridges 
CAC iiusaueinws ts onmusawe eats summaretesaceseneanesas 


16 bencn holes, averace 10 cartridges each 


Cy co 


a" 


AICO OO 


Ho 
cm 
Cy 


456 cartridges at 0.54 pound each = 246 pounds. 
Pound per ten = EEO = 0.68. 


Explosive cost per ten: 0.6% ~ $0.15 = $0.106. 
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Transportation 


scraping. - Electric trinle-drum noists will be used for pulling the 
scravers. The hoists wil rave a rone null of over a ton and a rope speed 
oz over 200 feet a mmimut? et fil iced. Lech hoist weigns about 6.000 pounds. 
They will be mountec on 2 substintial pietform over the conveyor in the 
entrv (fig. 7), from whicr wlace ine hoist can null from the room on either 
Side. The same scraper can be used by pulling it from one side to the other 
over the drawtridze. | 


Heavy. scrapers will be neeced te nandle the large, flat boulders. A 
box-type scraper would ride over the iarge boulaers, and 2 straignt blade- 
type would not nave sufficient capacity. A scraper (fig. 8) used by the 
Tennessee Zinc Co. at Mascot, Tenn., has a curved blade end works satis- 
factorily on rocks tnat break similariy. 


Two men should be able to handle 200 tons a shift from a room, as 
it will not be necessary to delay while waiting for cars, and an ample 
supply of broken shaie will he available - 400 tons after each round. 


Tne daily labor cost would be: 


— ged 
12 scraper men at $5 per shift 2 900 ? OF $0.080 per ton 


12 helpers at $4.50 per shift $54 or SO. 027 per ton 

2) - | 
scraper boss, 2 shifts at $5 per 2,000 tons $0,006 per ton 
LOLA) 1ADO Fr csessteueuede coseans ‘ie telctmiie ere yeenies 20.058 per ton 


The power consumed by the scraper noists_is 270 harsepower a day, 
or, at $4.05 per horsevower a month, a total of $56.45 a day {for-continuous . 
peak load). This rives a cost of $0.018 a ton. 


Scraning is charged with $0.030 a ton for ee Sere 
The total cost of scraping is therefore $0. 129 @ 


Conrayine: ~ Conveyors have been used nat to a imihcd. extent in 
metal mines but have proved satisfactory in coal mines.. A conveyor-system 
appears to fit in well with the method of mining shale herein proposed. The 
operators of scraper heists will dump the loads near the noists and can 
watch the loading. The sectional drag Conve yor chosen is casy to install 
and follows irregularities of the floor.= 


15/ Since 1981, after this paper was prepared, belt transportation has been 
adopted in a number of metal mines. Present {1942} standard instal- 
lations using rubber belts probably would prove more practicable than 
the type described herein. 
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Figure 7.—Method of using scraper loading in 20-foot and 44-foot beds of oil shale. 
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Lavine the conveyor is included in the cost of extending the panel 
entries. The conveyor is mace in €00-foct sections. One section discharges 
on the end of the next one in line, anc the last secticn dumps the material 
into cars in the main entry. Each section is driven by a 20-horsepewer 
motor. The starting switches for all four sections would be at the point 
where the cars are loaded. The plan calls for one train to be loaded while 
a second train is being dumped. While a train is being loaded, the empties 
of the next would follow it under the end of the conveyor. As the hoistmen 
are stationed at the conveyor, scraper loads would not need to be dumped 
if for any reason the conveyor’ was stopped. The two men comprising the 
train crew could load the trains and operate the conveyor. A flared extension 
of the top of the bocy at one end of ench car would prevent any of the shale 
from falling cn the track while the train was being moved. 


A man is provided on each shift to watch the conveyors and keep them 
in good order. A second panél would come into production as the one on 
the opposite side of the main entry or the one next in line on the same side 
was finished. AS a panel is advanced toward the entry and the end section 
of the conveyor is no longer needed for handling shale, it would be moved — 
into an entry being extended. If the work were properly balanced, eight 
3800-foot sections would serve two panels from which shale was being drawn 
and also for extending two new entries. 


The cost for labor pieeecs to the conveyor would be 2 shifts at $5, 
or $10. 


The cost per ton would be $10., or $0.005. 
7 2,000 


The power psa per ton: (s2 e table 4) would be 0.25 kw.-hr., 
or $0.011. | | ee ee 


The cost per ton of necessary supplics is estimated at $0.004, making 
a total of $0.020 2 ton for COnveN ane: | 


Locomotive haulage.” - The ore is ae ‘be handied out the main entry in 
5-ton-capacity Granby-type cars by &-ton trolley locomotives on 36-inch- 
gage track with 40-pcund rails. - Tracks of the same gege but with 12-pound 
rails will be run in panel entries for handling supplies. The locomotives will 
be run by 250-volt direct current, which will be stepped down from 2,200- 
volt alternating current by a motor-generator set at the portal of the adit. 


The type of car specified is designed to handle large slabs and to with- 
stand heavy service. The car boxes are & feet long, 5 feet wide, and 3-1/2 


8956 ~ 19 - 


Google 


|: ® 
' 
|. 


O WMOmires Net Pro blroindieie i 


TTO° G6" OT O9T OG i 
TiO° G6" OT O9T OV i. 
°C O __ 000‘ 000 £ : 


ep da 
$2 I9AO 310 JO, 


sunoy | Lamodes.oy | Jomodas..oy 
‘£3P aod! G10 
990 (ALO SIOVO 


N 


9S68 


“squcuer nbod sane “T2107, 


-*-aueTd Surysndo ‘ Teqoy, 


OLR Ie gaia Sei hse) 88 tee eg eee AMIGA, 


~ @ 6 


s 
ee 


ete eae Op ep ey ROE 
AIOLSAUOD TOUSTULD) 


Sa ee Od | 


ccs eer ec ece ress Teysndty 


» @« 


quawerinded IOMOG-OUTWU Te OU, 


*Ssqstoyu LOdeLIg 


cee eee eee e+ ecume 


‘snosueTTeostu pue squdty 
se eae ees) 3)? 10 | Terousey 


e 


adj;Ades snonuyquoo yquom aomodesaoy ded qo’pg ao **ay- "ay Jed ¢/00°0% 72 


[tep. suor 000°Z “peq 4ooJ-0Z SutTuTm IOs $4600 vDUe squUotisatnbar Jemod 


a cae *o3I0J TtO 
‘se°mes JTIO-I3Ng 


sees suOTqQeTT USA 


°° *gTOASAUOD OMY, 

“SOALYOWOOOT OM], 

- *- **7ossoTdwo 
WoT 


damed JO 4809) 
- °> WIV 
8TéL *O'l 


oogle 


C 


ILC. 7218 


- feet deep and stand 68-1/4 inches above the rail. The dumping arrangement 
will be erected over the hopver of the primary crusner or over the shale 
bin, if one is used. 


The main haulage track will be straight. Although the beds dip up to 
4°, the block will be laid out so thet the main track will have as nearly as 
possible a 1/2-percent grade in favor of the loaded trains and still keep it 
straight. With a new installation designed for the purpose and an adequate 
track, very few derailments should occur. The only curves in the track 
would be at the surface. The average haul would be about 2,000 feet. The 
cost of haulage, including a motor crew on development work, is estimated 
as follows: 


Labor: 
OM OLOV Men. ot arescsweeasdrmacanrs 9 30.00 
6 brakemen or motormen helpers 
DL ps OO aseuenrnesoumedinaewlneswes 21.00 
TOL onteeues diacep tienes ndea ene ces 57.00 


Labor cost per ton $57.00 = $0.028. 
2,000 


The power requirement would be 0.950 kw.-hr. a ton at a cost of 
0.011. The cost of supplies is estimated at $0.011 a ton; the total cost of 
direct haulare would be $0.050. 


Ventilation 


The ventilation system with ths retreating system of mining is indicated 
in figure 4, in which arrows indicate the direction of the air currents. An 
exnaust fan would be placed on the surface at the ee of the ventilation shaft. 


The main eir current in the main oT would _ drawn througn the panel 
entry and thence through the ventilation drift to the raise. When two panels 
are being worked simultaneously, the circuit would be split. Doors in the 
main entry would be put in past the working area and would not interfere 
with tramming. Should further ventilation be required in the rooms, cross- 
cuts could be run through the room pillars when the face had advanced about 
half the distance, and air could be drawn directly through the stopes, the 
far end of the panel entry being closed with a door. As rooms and panels 
ere finished, they would be bulkheaded off from the ventiletion circuit. 


Should mining be started near the portal of the cntry, half of the block 
on cach side of the entry would have to be ventilated separately by means of 
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fans at the portal of the ventilation drifts. The main entry would be the 
intake. The same footase ver panel of ventilation drift would have to be 
driven in either instance. Ventilation drifts coming to the surface also 
would be used for transporting supplies. 


Lighting. - As the shale is inflammable and the dust may be explosive, 
closed lights snould be used. The men would carry electric cap lamps, and 
the faces of the stopes would be lighted by electric flood lights. The parts 
of the panel entries and the main entries where work was being conducted 
would be illuminated by the usual electric light. If explosive gases were 
encountered, all motors would have to be of the “‘permissible’’ type. 


Crushing. - To handle the shale by aerial tramway, it must be crushed. 
The shale also requires crushing for retorting, and this crushing to the size 
required at the retorts would be done at the portal of the main entry. A 
crushing plant would consist of a 36- by 48-inch jaw crusher, which would 
take the run-of-mine shale and reduce it to pass an 8-inch opening. From 
the jaw crusher the shale would be fed by a 42-inch steel pan conveyor, 20 
feet lone, to a cone crusher, which would break the shale to pass a 2-1/2- 
inch screen. From here it would be taken by a 30-inch belt conveyor, 40 
feet long, to the storage bin at the upper terminal of the tramway. 


The crushing plant would handle 2,000 tons in 8 hours. Should a storage 
bin be provided, crushing coulda be done from midnight to 8 a.m., when the 
compressor plant would be idie, to keep down the maximum power load. 


The cost of crushing is estimated below: 


Labor, 2 shifts at $5.00 = $10.00 a 


LON, DLO... seaesonvent eeneageus Jesse -b0.005 
2,000 ({ 
Power per ton (see table 4)......008. .006 
Repairs and SupplicS ..cccccsee ee .019 
TOL) .chiesateeusesasonseeies éaatesaw eerie » 0.030 


Difficulties can be anticipated in handling the flat, coarse material, 
as mined, through a gate or chute in an orc bin. A ball-and-chain gate would 
control the flow, but the flat blocks probably would cause arching. A storage 
bin ahead of the crusher would be desirable; however, unless a satisfactory 
feeder could be designed to permit uninterrupted feeding of the crusher, 
costs could be lowered by dumping the shale from the mine cars directly into 
the hopper of the primary crusher. This last practice is followed in open- 
cut copper raines, where coarse material is handled. 
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Tne large fragments probabiy could be handled through an 8- by 10- 
foot opening. The bottom of the cin under the opening would extend sutward, 
forming an apron having sides tapering down to about 5 feet « apart at the 
lower end. The end of the ore stream would rest at its anele of repose, 
beyond the end of the apron, on a pan conveyor running at right angles to the 
front of the bin. The shale would be Crawn from the bin by the conveyor. 
Probably one man could keep the large slabs, which tend to hold back, barred 
down. Another man would be required to watch the crushers. By-dumping . _ 
the ore directly into the hopper of the first crusher, one man could run the 
crushing plant. The labor charge would be the same, whether the plant were 
run on one shift and the ore drawn from a bia, or on two shifts and the ore 
dumped directly into the crusher. ; 


Total power requirements. - Po wer would be available in nearby mining 
districts and could be purchased at 3/4 cent per kw--hr., or $4.05 per 
horserower-month ccntinuous service. Byproduct gas would be made in 
retorting the shale, and it is thought that enough. power. could be generated 
at the plant from this waste gas to supply the mine.and plant. 


The eidnt would be credited for the power.£ at the rate at which it coud 
be purchased from other sources. wes eee eee | 


Table 4 snows the total requiz ements cor - power and its distribution for 
mining 2,000 tons a day from the 20-foot bed. eone 


Se oe Bm te 


Apyial tramway. - Fred C.. Carstarphen,,. consulting. aerial-tramway 
enzineex of Denver, Colo., estimated that the cost.at building @ 2-mile 
traraway from the mine to a mill site in the river. valley woulda be $200,000 
and that the cost of transporting 2,000 tens of. ore per 8 hours to the reterts 
would be $0.025 a ton. | | 


wey from a ‘railroad spur at the retorts. 


The. tramway will be of all- steel construction and have automatic- 
bucket loading and dumping cevices. Each bucket will hold 3,800 pounds of 
shale. 


Geneial poe labor. ~ The dail y wages. of two tiribermen, two 


» @ @ 6 © eo © Be 


t's» 8p @ e% © © Hw + * ws @ 


charged to mining is given in table s. ‘This amounts to ro Ola ton. Mis- 
cellaneous surface labor also is snown in the table and amounts to $0.030 
a ton. se: ye 
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TABLE 5. - Labor for mining 2,000 tons daily from 
20-foot bed, including development 


No. men | 
Classification 


Underground: 
NONCLrS;: IN StODES: iwcatsstcvecsceses 
Miners on development .......s6..- | s 
Miners’ helpers on development | 4 
Loader operators on develop- 

INIONIL cisva.duisnewaVenerincasoouboeseses 2 
Loader helpers on development. | a 
scraper hoistmen, stoping ...... | 12 
ocraper-hoistmen helpers, 

SLO DING cwcrwasenegnes eve tween emieasies 
DCra per DOSSES svesenieiiuwiecarenes 
CONVEYOL OPeCLatOLrs .....eccececvees 
StOPe DOSSES....cscccsceee ere 
WOELO PING cis cciuiicatesscesesteteciins | 
WOtoriman: NEINE VS 34 cc adeawetuntcees | 
INI DDELS wouicvesstntedener cat eaesenwecs 
AMIDE T INC) sores saenessuowesmentavoses 


PipeMen .....scccesscesoecccseceess eee 


Ota weseweens aseceesawsaweeaneccs | 


surface labor charged to mining; 
COMPreSSOPMen sssisdvarcsorreceeess | 
BIBCKSMITNS cise iscdeseadsseevecesds 
Drili Sharpeners snawicarceavawovces | 
Drill-sharpener heloers.......... 
Drill repairman .......csseccecccess | 
MECHANIC ¢¢ovasnsteswesecseetaddinnans | 
To ISCEPICI ON: veeseusticansnnsnteeuse ties ! 
Blectrician’s helper.i....sscccccese | 
CruSherMen ..vecere eres rere 
TTrAMWAY ELYIPMEN .....e.secceeeves : 
TrAMWAY LINEMAN .....cececscececee | 
Miscellaneous surface labor: | 
IETUCK GFIVELS. ssssscsseseeecees 
Carpenter scsiieruceews sgeswecsees 
ROUSTADOUTS: éwineisegaaeiiwesdins 
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TABLE 5. - Labor for minine 2.000 tons daily from: 20- 
fcot bec, including development (Cont’d.) 


i We. men | Ware scale 
Classification per cay | per shift | Amount per day 
oe it Colle 1921 


Supervision: | 
DUVET INTENC GAL scar nidecah danse’ y lf 32130 $13.00 
Wiakglomstehgcvagiz am mrr ent ey rere ree | 1 8.Q0 &.00 
Tramway fOreMan .c.cseccccssscece 1 38.00 8.00 — 
SHI COSSES: inewaewsecuaueees ere 4 7.00 28.00 
Chief engincer ......... yententannne: | 1 8.00 * 8.00 
Assistant CNGINCEL ..esercereovevers ! i §.60 6.00 
Chai NMA nse sosdencaicatsnens saedaee | 1 | 4.50 4.60 
Clerk-purchasing arent.......... | 1/2 | 8.CO 4,00 
PIMC ce OPO Paseianeimsonssoawes seinen | 4 5.00 5.00 
WAT SROUS CMAN ic s.sesiadedaccseoars | 1 8.00 &.00 
Warehouse Helper..crosecsesecees oo | 1 4.60 4.50 
PEO La auuisatawsvaderseuieeacewen | 128 97.90 
Grand total ...ssssssscseesseens 167 659.40 
SHEL, Der, wuwtawctaaees Sianlngecemes 0.0825 
TONS: DEV SUIlt visieensaeserssseeweus 12.0 


Labor and supervision per ton. .4380 
Flus $0.020 per ton for work- 


men’S COMPENSALION......eeceeee .020 
Total operating labor cost per 
LON de orweenwiay weed mesaade See veieeesaes 450 


Electrician, $225 ner month. 
Suverintendent, $10,000 oer vear. 
Foremen, $240 per month. 

Shift bosses, $210 per month. 

Engineer, $240 per month. 

Assistant engineer, $160 per month. 
Clerk-purchasing agent, $240 per month. 
Timekeever, $150 perv month. 
Warehouseman, $240 per month. 


Supervision. - The supervisory force listed in tabie 5; tne cost of 
supervision is $0.049 a ten. 


Total labor ana scale of wages. - A force of 157 men is contemplated, 
with a daily pay roll of $859.40 (see table 5). 
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The wage scale is shown in table 5. This is the scale paid in January 
1931 in western Colorado mining cistricts, from which the labor sunply 
would orobably be drawn. Tne tabie also shows the total shifts and total 
labor cost per ton. 


Workmen's cormmenscticn. - The Colorado rate for 1881 for under- 
pround mining was $i.27 per ¢~1C00 of tne mine pay roll. The cost wouid be 
30.02 a ton. 


Surface plant. - It is planned to have the camp site in the galley near 
the retorts and trenster the workmen to the mine by busses. No camp site 
is near the ming, arc oreavetioil must be mece in the steep mountainside 
for all surface structures, A couch will be rnade at the level of the main 
entry. On this will oe conc ctructes fire S0- by 00-icot buildines for shops, 
warehouses, change rooms, ana mine office. : 


Total plant, interest, and amortization. ~ Table € shows the equipment 
necessary to mine 5900 tons of shats 2 day from the 2U0-foot-thickness of 
shale. Most of the prices given are actual quotations furnished in January 
1631. Ina few instances, as shown, estimates were made. Freight was 
calculated from the freight taritf in effect in January 19381.-.Cest of installing 
equipment was calculated from an estimated price of S0.027 per pound of 
the machinery for setting it up ready to run. 


Total cost of the equipment is 629,246. This would be amortized 
over 15 years with intcrest at € percent. A total of 10,800,000 tons of shale 
would be mined during this peviod. Interest and amortization would be 
90.130 a ton. 


Cost of suprliss. - Tahl2 7 cives the prices of material and supplies 
used in mining and eet, 


Summary of costs. - Table § is a summary of costs per ton for mining 
2,000 tons daily from a 20-foot bed of shale. 
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TABLE 6. -_Canvital cost of plant and equinment for mining 2,000 tons 
Gailv trom cQ-foot bed of shale as cf January 1921 


Underground mining equipment: 7 
Drilling equipment (delivered at mine from Denver): ) 
Zo OSiters,.) 1 O=pOunG, Av. 2 OOS vis tetaxdardueseeedteraceseas 
LS jackhnammers, “72=pound, AU 22 (Oiaiesasewvevscauweies ‘a 
15 jackhaminers, 40-vcound, at D19D....cccccsescecnees ee 
ZA StCRe 2S So LOD csaveueasoes sie sea tetatetdeeacuentaneecees 
Air hose, 8, eee reet oF. 1-inch at 30, Oo aaweemuomesnns 
Air hose, 1,500 feet of. 3/4 INCHEE BOLZ 4 Oeiscsssewesers 
Water hose, DpOOO. -Cetet- WO LO4 saveteasadesuetie nas 
Drill steel, 20,000 pounds at Oo Ot Bega ennanecnameanees 
22 — columns,. 38-inch, single-screw, complete, 
BUA OS daemscced heosancalGra'e wabavaaudlale eanawa elo ted Coe aweaseeaee sees 
hl drilling equipment Jose Weatioutaumeesaaenae amie 
Ore-transvortation equipment underground: 
2 treliey LOCOMCTIVES, G-TON ieccevseccssescsacsesssdtgws cece’ 
1 trolley locomotive, 4 ton . sti aiscetobravetenias setetoelGn sea cu eases 
sippi River points to Granc pel to sade saaseeneneseetes 
1 synchronous metor-generator set, 150 kw., 250- 
volt d. c., 1,200-r.p.m., S-pnase, S0-cycle, 2,200- 
volt a.c., complete with auto transformer. chipping 
weight, 9, TOO 10 Stadsondouvesenvedesuein ceabeseateeassiasenies Pe 
Freight on motor- -penerator set, Pittscureh to 
Colorado common pcints, at $1.485 per CWE ....eceeee. 
1 2-penel, manually operated switchbeard, shipping 
WEIS AL 1 DOO 1 Dy Wsnensnersinn tases ot wertee neways acdetenetenuenste 
Freight on switchboard, Rittsbur: ch to Colorado 
coramon points, at 91.485 per eis sence enmeeseontes és 
1 automatic d.c. faecer equipment (800 Ib. Vometizcceiies 
30 cars, €-ton capacity, Granby-type, weight avproxi 
mately 8,000 lidx, At PESO co.ccrcereceescccecererssvescereces 
Freicht on cars, at $0.70 per cwt., Denver to 
Grend ree, Tea enera ducted summenetieaned exw emneeintsisseeees 
10 cars, 2-ton, sidJe-dump, weight 3,000 lb., for 
develornrient work..... Saheeensawesuumenoaseacecr snaeenaeee 
Preight, ot 50.70. Der CVU meroaeewarsenesscanaemasecaseaceyes 
2 conveyors, 33 inches wide, four 200-fo xt sections 
each conveyor, eacn section with 2O hp. motor, 
complete and installed in Mine .....c.c.ccececccccccncceces 30,000 
6 electric, triple-drum secrarer hoists (1942 price).. 20,084 
6 scrapers, including sheaves and cable, at $210, 
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ey reg oe foot bed of poy as pe Eee i 1231 Cont’d. 


Underground mining equinus anit: | (Cent! a) 
Ore-transportation eqniome:..undo-cround: (Cont’d.) 
4 loading slides fcr soreper. joacing in er:tries 
(made at PIG) eicte0) tote scree bana tied etna sien aetineterun eaesionceaeee s 6CO 
2 mechanical NCGASPS: ev scnaaskeztonevesateaooaecee niedamaiwie IO OOO 
Total transportation — a aihatamieteamates eee 113,139 
Ventilating equipment: 
1 fan, 47,000 cu. ft. per min., ezainst 1-1/4-inch | 
water gege, deliverea at eager err ee sicdseieneveswedsioees 33d 
1 blower, positive pressure, for driving initial entry | 
1,650 cu. ft. per min., a at PU ) r.o.m., delivered at ! 
ghee ren eC ee ee ! 675 
1 10-hp. motor (to be used successively on both fans), | 
Gelivered Al MING uc ssacisvesesieseweses Sei aetendewess seatesuees 200 
Installing and housing fan.........s.eee. ssGieeeeeharauiesoouees , oCO 
Total ventilating equipment .........ceeees daiatieaeee sen 1,410 
Total cost of underground mining equipment .......... wiates 135,300 
- Outside plant: 
Compressor plant: 
1 compressor, 5,000 cu. ft. per min. capacity at 
5,000 feet altitude, complete with 1,000 hp. syn- 
chronous motor, receivers, starting panels, and 
electric os including 20 days’ time - a 4 
SLECUOn stcconeeseehucwsssseeaees aS eee ead ou Siew hae ae watae tex . | 89,000 
Freight on Sones n (101,000 lb.), motor, and 
auxiliary equipment (25,000 lb.) et 71.485 per cwt., 
Pittsburch t0-Color200 COMMON DOINtsS dssecsneiwseatawws 1,870 
Installation: of Cem pressor Clank xc davevcccecavoesededies ‘iat 4,000 
Total of main plant (exclusive of trucking) .......... 44,870 
1 compressor, 400 cu. ft. per min. capacity, complete 
LOLM*GLIVING MAIN CUNY sccssuswocasadenseadnenontasteneanesuen 2,083 
Freight on compressor, oe TOCO lO cinstuesavteoeuspaee 10 
1 motor, 75-hp., 900-r.p.m. (veight, 3, 709 lb.),- for 
driving compressor, delivered ieiobla ere eee jSemeews 144 
Installation of compressor and motor, at 2-3/4 cents 
eT 1D iewdessecunspeeeascaaaanetabesecanseuneaiaeaens neasceeaderes 04 


Shop equinment: -- * 
2 sharpeners for drill steel, at $1,000 2,000 
Sushi chalokchelemepasnietme rrr rrr tere Tree rrr er rete evoaame CoO 


5950 ~ 09 


Google 


LC. 7218 


TABLE 6. - Capital cost of plant and equinment for raining 2,000 tons 
daily from 20-foot bed cf shale as of January 1931 (Cort’d.) 


Cutside plant: (Cont’d.) : _ | 
Shop equipment: (Cont’é.) | 


Accessories for sharpeners (dies, dollies, formers, | 


PUNCHES» SiC.) wastes ductucsisanesan testes cusvansedneesansw ee ue 1& 1,400 
2 oil fOrees, ecrplete wih motor and blower, 
delivered...... bicehaeacewaees: Necalecemeyebaneieeneees acuaekeee | 725 
epee (25 CO. 1D) sdecanctwenseencgiesweeycrestvenuccsate: | 70 
2 pedestal grinders (air motor), INStalled ..seesseseeeeee | ao 
1 blacksmith forge, complete, installed........ paesenees | 150 
Shop tools (electric drill, anvils, EtG.) sees Sepnewtausnaes 1,200 
Cut-off saw with 5-hp. motor, complete ....sseseseceraee 150 
TOtAL SNC D-CCUIPIMNENL o.t.acesccntdtomsewesgnasaeeoressiees 
3 transformers, 75 kv.-amp..(440-, 229-, and 110- 
volt); GE LIV STG wi teawasiecwscubuesonsericesenretedeheniepwesees 
6) frame buildings, 20 by 50 feet, for shcps, ware- 
houses, etc., including locomotive Dil; at 525000 <a 10,0C0 
Excavation for buildings, 1,000 cu. 7d. at B1.25....... 1,550 
Office, warehouse; c changercom, engineering equip- 
Meni CtCy ccdcamceatessiwienaidarensttonsnoneaseremenseonehes’ 5,0CO __ 
DCtal mine: Dulin S: oniiiepeeanwieadtietesesmemecvenesmcede 
Warehouse SHOEI? saecdscadeyetotnte: obaeuoae utes sacsaeanen: iis 
Mine rescue and first-aid equipment .......ccesesseeceees 


Surface transportation equirment (one-half chars;ed 
to treatment plant): 
1 truck, 5-ton 
1 truck, 2-1/2-ton 
1 truck, 1-ton 
2 touring cars 


Total value of cars che. rgod Moma ghegic mere n ey tert 
Total surface mine Equipment .......ccccccccecoceceresecers 
2 ore bins, stecl, 5,000 tons capacity, at S40, 000 anes 90,Q00 
PACAVAttOn 10 DING wc snsssccdecise scotia asieudamiiwass caer es 2,500 __ 
Total cost of ore bins (exclsuive OF TAUCKIiNe) since 


Crusning plant: 
1 jaw crusher, 26 by 42 inches (run-of-mine to 8 


IC NES sided cesconreuy ceneieetootempentscesoaesvenenaat sy erentares 15,Q00 
Freight on crusher, 118,000 lh. at $1.145 per cv ourt., 
Milwaukee to Colorado common noints .....cssececeeeee I5col 
Motor, 100-hp., 600-r.p.m., weight 6,310 Ib., 
GClIVEY CO: scone wantvivdouieveseceunsnewiedessonawseemeesacamsseets 1,001 
: Sera Alt | : 777 
2956 2 ao = 
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TABLE 6. - Capital cost of plant and equipment for mining 2,000 tons 
| daily from 20--foot bed of shale as of January 1931 (Cont’d.) 


Outside plant: (Cont’d.) 
Crushing plant: (Cont’d.) 
1 cone crusher, secondary (8 inches to through 2-1/2 


TACHSS) -cancieacoavaneciasismseasawnsensousees siaditues sis otistenierts se 
Freight, £5,000 lb. at $1.145 per CWt....ccconcccccescs 
Motor, 150 hp., €00 r.p.m., weight 7,270 lb. delivered 
Tex-rope drive, QeliV ered hesiiesstiacerscttnansasiacis: ree 


1 pan conveyor from coarse crusner, 20 feet lone, 42 
incnes wide, steel aprons, speed 52 feet per minute, 
7-1/2-hp. motor, weight 20,000 lb., coraplete os... 

1 belt conveyor to ore bins, 40 feet long, 30 inches 
wide, with frame and rollers; and 1 40-foot belt 
conveyor with speed reducer and 3-hp. motor, 
Timxen bearings, belt 5-ply, 28-ounce duck with 
3/16-inch covers, weight, 13,000 lb., completeé........ 

Freight on both conveyors at $1.145 per Cwt .ccccecseeee 

1 crane, 12-ton, electric, oe with 15- 
ton chain, block weient, 5i670 Ibe s.csisiviccetusesnasninens 

Freight, at $1. 145 per cwt sels bragtal aida shoe Gh waidaearesiesedealss 

2 beams for crane, 25 feet long, 20 inches deep, 100° 
IDs Der TOOL, ANC MIdINe TCO sits Veniseecdiocnsndacenunaees 

Installing CrANe ...sccceceveseces sciianienotaesiua euereeweOuee nee. « 

Foundations at 520 per cubic Vard: sccidscesasiesecieens singe 

_ Installation of 2 crushers and motors at 2. 3/4 cents 

DOdt. Oxiwaaa come nenaw paneahan mae veneetu cued cetacean teaeseeneecaauees 
Installation of 2 conveyors at 2-3/4 cents per lb...... : 
FPOLAL Crushing Diantsiisscavinensdeseseradongiatacadoatauecs 

Total Cost OUtISide MmIMiINe Plants scsieveseivessecasvocswisices ; 

Expenditures required by location of mine: 

Aerial tramway, 2 miles long, all~steel, complete, 
constructed with terminals (exclusive of bins), 2,000 
CONS DEP O NOULS civic odensscesetmiaecsaesaeseeswereeanecessuaeses 

Road, 12-foot roadbed, maximum 7 percent erade, 6- 
1/2 miles lone: 

4 miles (800 cu. yd. excavation per 100 ft.) 63,330 
CUls/ VOS sats ssvinwneuatavedenteswcapeueness Suse Gaonasbeeeueeeeaaenes 

22 miles (100 cu. yd. e seayation per 100 ft.) 10, 550 © 
CU VG sa ooeaiaednanee evar waiie aelorsaadtents oiesuasenieseacwnenes as 

Total, 73,920 cu. yd. at $0.50 per CU. yd.scocccerecsees 

20 culverts, 18 feet long, 18-inch diameter, at $2. 25 

PCE 1O0U. iersadicwusasas iaeateweeetenmesce see ekeae pesweeewe ses 
Ota COSt Or COAG uw wicwnanenccous setasnue nes oosmsaneesest es 


Dp 08,030 
230,397 


200,000 


o7,770 
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TABLE 6. - Canital cost of plant and equipment for mining 2,000 tons - 
daily from ae emer bed of shale as of January 1931 (Cont’d. 


Expenditures required by location of mine: (Cont’d.) 
Water system: 

Fump, 35 yal. per min. against 3,000-foot head with 
30-hp. motor, Tex-rope drive; weight, pump, ¢,&00 
lb.; oe 1,400 lb.; drive, 200 lb.: 

PUM evivesses Pemtouaaias apices ae aaeaaeaoa aw erento net camneeesuae 
MOTOR siexataae iseawamenees siuGsecolseauenwennves jiainansuneaans 
1D) gh) (ree ee Ce ocerorereerereesonesvcncecee rere e ree 
EP PClCnt swasheveaveceuuganh casas seoadauwssenvenetsuearmeneaies 
Installation at 2-3/4 cents per Ib ere er err 
Tank, 15,000 gal. capacity, installed .....ccoscccvceseeserees 
Pipe line, 3-inch, 15,000 feet (estimated), at 234.233 
per 100 ft., delivered at Grand Junction.....cccccserscceees 
40 expansion Couples at $2.65 ccccesccocscccesescsvcvens saueneue 
Installing pipe line (On SUTTACE) ...cceeccecccvrccccscesensveces 
LOlal COSE OL Walter Sy Stem xian saanaeswonestimawaieas 
Trucking initial equipment from railroad to mine at 
DOL 0ST TOM actiwsdicaveeessseoas seaveees ieadeiemuntecssata tere ee 


ripe, at Grand Junction: 


8-inch main air line, per 100 feet (4,500 feet).....cccscrccsscevescceees $119.00 
6-inch panel entry air lines, per 100 feet ......ccecceeee sGonbeaseant ee 91.892 
J=inch ‘stope air lines; per 100 feetsiesiccscdsecrsnscsccascweensees Sones 34.233 
a-inch main water line, per 100 feet (5,000 feet) .....eseeeee senna a 16.557 
1-1/2-inch panel-entry water lines, Der LOCO feet rrsssrccecevoeeeevece 12.3806 
1/2-inch stope water lines, per 100 feet.....sscssecsseeees sitet pi deta 4.288 
nails, at Grand Junction: 
40 pounds per yard, for main entry, DEL TON ...scscoccccccevevcsevceeses 55.68 
16 pounds per yard, for supply tracks in panel entries, per ton... 56.68 
Ties, at Grand Junction, 6 by 8 inches by 5 feet long, native timber, 
per 1,000 board feet... .cececee a dubs ase e gare aed aaa areca aces apowsanee aun ae 28.00 
Timber, at Grand Junction, on per 1, 000 board feet .. isaeeee we’ 32.00 
Trolley wire, Single 0, 0.8188 pounds per foot, per 100 feet 4 uaanals 14.40 
tangars for trolley wire, at Denver, Cach ..ccccccccceccccccoees suupaeawes re Qa1 
Ventilation pipe, at Denver, 16-inch, galvanized, 26-gage, per 100 
LGC U sissae biausit antenna eiacidraee etadsldnneaieulewoutaistanamiadanan auouanea i adue soma’ me ste 37.00 
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TABLE 7. - Prices of supnlies included in cost pe. foot of developmert 
1931 Ly 


and cost per ton of ore (as of Janua 
Cable for SCrapers, B/G= ICN; DEL TOOL .acevarsdadessagesooseans sees avenue 
Drill steel; 
l-inch, quarter octagon, Per POUNC.....eeeceece vakindeea sila dee weatineete 
Cost, at Grand Junction, including freight at €4.515 per 100 lb., 
per lb. . e@ec@aeeooveonnees9 S@eoeeesecoeoeosngeoeegeqgeneeeneeoeee @Caeoeseeeceteeoeaeesneoeeoeeeed a aati eeoe 
Powder, at Grand weiais 40 percent~ -strength gelatin, 1-1/8- by 
8-inch, per 100 lb. ...... oe eeeeeceacessececcseccreracessvesossseneras veesececees 
Cans, at Denver: . ion 
No. 6, 25 percent discount allowed, list price per 1,000 ....... re 


No. 7, 25 nercent discount allowed , list price per 1,000 sist cawses 


No. 8, 25 percent discount allowed, list price per 1,000 .. saielbacieresis , 


Fuse, at Denver: 
Common, 25 percent plus 2-1/2 percent discount allowed, list 


DHICe: Ver 1, OOO TECL axntansinesnecenera eens tase sae vevesessvadenne eel easoucats ; 
Waterproof, 35 percent plus 2-1, /2, percent discount allowed, 
list price per 1,000 feet ee uebumeeeaunn siisaineneemaes pideasacaeies ateneogee 

POWCDs Der MONCH <iiese esas ccaesueeicaswedsyascceusetesstesaatiasaces Saaites scone 
Carbide, at Grand Junction, Der 100 Lb... ..cccccccecteecessvevorseveceeces ei 
Track spikes: | | 

8/8 by 3-1/2 inches, per 100 Nes tiisas eavenne cree cesoarec sane onaeiee 

1/2 by > INCHES, 0er 100. 1))..caswasenetesdsace soedeissoueseaseesascaienee’ - 
Fish plates, at Grand Junction: 

Por 40=]bs7211S;. Per 100 1D adetacwrseersesenseveesoereiauaesss aueaele eames 

POR 1G<10s Pals, Der 1 OO 1a caiinnsn sia siestensiogaveteecavios vikwsetancaes - 
Bolts, at Grana Junction: 

For 40--lb. rails, 3 by 25/32 inches, per 100 lb...... eueaenees asses 

For 16-lb. rails, 1-3/4 by 1/2 inches, per 100 Iba........esseveevees 
Nails.at Denver, per’ 00: 10s sis nsngiedeewcacieesbeccsiweneiasae basen Awasieceun 
Shovels, at Denver, round point, per dozen ...... societies ssadpuatemegone 
Picks, at Denver, 4-1/2-lb., per dozen ..... pai weuesemnencans sarasateeuieees 
Hammers, at Denver: 

10-1b. Gach ....66. cocuaeanaes Bin hecaanic ast esasieceenes jdsGhewawsieews paaaaues 

Oa 1/2 Dex aC Vacate naa eeeeswicow ee eek wat enueune cue teeeseeenecaooans eines: 
Timber Saws, at Denver, 3-foot, each dap Vegemite ere eer ee aostetcas 
Timbermen’s exes, at Denver, 8-1/2-lb., per dozen...... er re ‘is 


Cont’d. 


085 


al. 60 


10.50 
1.53 


oO 
eV 


2.06 


16.80 


‘1/ The mine pay roll and plant include labor and trucks for freighting supplies 
to the mine. However, a charge of $20 a ton is added to the above figures 
for freighting the material for the mine plant and for the original develop- 
ment work frorm the railroad to the mine. At the start of operations it is 

assumed that a freight rate not to exceed the tariff to Grand Junction which 
is to the westward, would be established to Rulison from eastern points. 
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Mining 4,000 Tons Daily from 20-Foot Bed _ 


Four thousand tons daily could be mined from the 20-foot bed by working 
more places. About 2 ccenis a ton could be saved in interest and amortization, 
about 1/2 cent in supervision, 1/2 cent in tremming, and 1 cent in mining and 
transportation, a total saving of 4 cents a ton, which would make the total 
mining cost about £0.96 per ton. | 


Mining 5,000 Tons Daily from 44-Foot Bed 


The general system described above for mining the 20-foot thickness 
could be used in mining the 44-foot shale bed. The pillars between rooms 
probably would need to be wider because of their greater height; therefore, 
it is proposed to lay out 30-foot rooms and 30-foot pillars. If experience 
shows that this width is greater than required, it could be reduced, with 
corresponding reduction in development costs. 


To avoid exceeding a length of 1,200 feet for the panel conveyor, only 
20 rooms would be opened on each side of a panel. The panel entry then weuld 
be 1,270 feet long from main entry to ventilation drift. As before, 360 feet 
of ventilation drift would be required for each panel. 


As in the previous lay-out, a block would consist of 20 panels, 10 on each 
side of the main entry. This block would be developed as usual - that is, 
4,100 feet of main entry, 1,080 feet of ventilation drift, and 400 feet of ventilation 
raise. | : 7 : 


Because approximately 1,500 tons of shale would have to be left in place 
around the neck of each room to protect the panel entry, 11,300 tons would be 
mined from a room rather than 12,800 tons, which would be the content of a 
full block of shale 30 by 44 ky 150 feet in size. A panel of 40 rooms would 
produce 452,000 tons. The panel entry, & by 10 feet in cross section and 
1,210 feet in length, would add 6,250 tons to the production from a panel; and 
the 860 feet of ventilation drift, 8 by 8 feet in section, would add. 1,500 tons, 
making the total production from a panel 460,000 tons. At the assumed pro- 
duction rate of 5,000 tons per day, this would constitute 92 days’ supply. 
Production from a block of 20 panels would be 9,200,000 tons, or enough for 
5.3 years. | 


Development 


Because of the greater height of shale mined, development charges would 
be only about half those in the 20-foot bed, in svite of the greater width of 
pillars. 
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The cost of general development for one Biogk Snes against 9, 200, O00 
tons, would be as follows: 


foot| Total cost] Cost per ton 


section] Footage | Cost per 
Main entry | $0.0078 
Ventilation drift | 8 by & | 5. + ,0018 
Ventilation raise 7 by 10 ‘OO _. : 04. .0008 
Total .0104 


The cost of developing a panel, charged against 460,000 tons, would be 
as follows: 


| Section | Footage | Cost per foot! Total cost ost per ton 

Panel entry 8 by 10 Ne 3 

Ventilation drift |8 by 6 

Room necks (40) [& by 10 
Total 


0078 
7 0148 
21,3 14, sO} .0460 


The cost per ton of shale of combined ceneral or Bice deccionmeat and 
panel development would then be $0.0564. Each foot of Bever OPER work would 
cevelop approximately 175 tons of shale.” | 


~~ 


sto Ding 


A round would be used that would require no hand shoveling as preparation 
for drilling. | 


Figure 9 shows a method of advance that would yield. 1, 05 tons with 940 
feet of drilling. This footage could ‘be drilled in 10 machine shifts. Two bench’ 
rounds would be required for each 12-foot heading round. The holes are pointed 
outward to allow the face to be cleaned by a scraner. Two rows of holes ‘could 
be used on each bench to break 12 feet instead of 6 feet with a single row. The 
vest form of round would be determined by experiment. 


‘The labor cost of stoping would be: 


4 Grill Shifts an: RSadine at Sb essecinvagescenvats @ oO 

GO drill shitts On: DENG ial 5 Occidceadossesssaeneies 30 

8 drill shifts blockholing at oe die oeaeneeaaees Aaa Oe ee 

1 StODS. DOSS AE D0 sess ssasysade cesvaninieewonsue ee a ns 
TOL aiests sehrauaise tine ane iewaae ey re mudvewareee: 500 


The labor cost would be $0. Od a ton; te 20 percent for contingencies, 
the cost would be $0.11 
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- Owing to the higher bench, less explosives per ton would be required than 
in the 20-foot bed; allowing 1/2 pound a ton, the cost of explosives would be 
8 cents. As less foote ge would be drilled per ton of ore broken, the power 
requirement also would be less. Two 5,000-cubi¢ feet-per-minute compressors 
with 1,000-horsepower motors are provided, and the entire cost of air com- 
pression is charged to stoping. The cost per ton of shale would be 


2,000 x 4.04 (cost per hp. per mon th) _ = $0,054, 


5,000 x 30 


The cost of supplies other — explosives is estimated as 4 cents a ton. 
The total cost of stoping would be 29 cents a ton. 


Transportation 


Scraping and conveying. - More than double the tonnage would be handled 
per shift in each panel than in mining the 20-foot bed. 


The cost of scraping would be materially less than in the 20-foot bed: 
because of the greater amounts of shale broken in each round in the stopes. 
It is estimated that a scraper crew could load out slightly more than 200 tons 
a shift. The charge for labor on the conveyors per shift would be the same in 
both cases, which: would reduce the labor cost per ton by half, or to 1/4 cent 
in the 44-foot bed. 


Locomotive naulaee: - The charge for haulage in cars probably weil be 
the same as for the 20-foot bed, which has been calculated as 5 cents a ton. 
The use of a conveyor instead of cars in the main entry would have the advantag 
that the shale, as it came from the mine, could be discharged directly into the 
hopper of the primary crusher in a steady stream. In mining by the advancing 
system, the length of the haul in the main entry would be relatively short for 
the first few years. Under these conditions, the charge for conveying should 
be less than half that of transporting the shale in cars. The main disadvantage 
would be that if the conveyor broke down, the whole mine would be tied up. As 
the main-line conveyor would be in place for many years, it should be substan- 
tial enough to reduce the possibilities of delays. Under this system, supplies 
would be brought into the mine through the ventilation drifts. 


Crushing 


The same crushing plant would be used : as for crushing 2,000 tons a day 
but would have to be run 20 hours a day, which would require three shifts of 
operators. 

The labor cost would be 6 x $5 a $0,006 a ton. 

,O00 
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Supplies and repairs are estimated at 1.9 cents a ton. 


Powér would be the same as hefore, $0. 006 a ton. Total cost would be 
3.1 cents a ton. | -_ 


Aerial Tramwey 


~The aerial tramway having a capacity of 2,000 tons in 8 hours will be 
run 20 hours a day, giving 4 hours leeway. Carstarrhen has estimated the. 
cost of transporting the shale on the tramway as 2 cents a ton. 


General and surface Labor 


The cost per ton of general underground labor and of surface labor 
chargeable to mining is approximately the same as for the 20-foot bed - 1.9 
and 2.5 cents, respectively. Miscellaneous surface labor has been estimated 
at $0.012 a ton. 


Supervision 


The supervisory force for mininz 5,000 tons daily from the 44-foot bed 
would be increased over that estimated for mining the 20-foot bed by the addi- 
tion of a superintendent at $500 a month and by using the full time of a clerk 
instead of half time. Cost of supervision would still be considerably less than 
before and would amount to 2.3 cents a ton. 


Total Labor and Scale of Wages 


Table 9 is an estimate of the total daily pay roll for mining 5,000 tons a 
day from shale 44 fect thick. The table also. shows the cost per ton, shifts 
per ton, and scale of wages. 


TABLE ©. - Lebor for mining 5.000 tons a day from 
shale 44 feet thick, including develo ment 


Wage scale 
per shift 
(January) 
1931 


Amount Cost 
per day | per ton 


Class 
of labor 


Underground: 
Development:. - 


Miners’ helpers ....scecocscees 

Loader Operators ....ccccveees 

Loader operator’s helpers 
ole reer ee ere ar : 
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TABLE 9. - Labor for mining 5,000 tons a day from 
shale 44 feet thick, including development (Cont'd. 


| No.of [Wage scale | 
Class per shift {| Amount | Cost 
of labor (January) | per day | per ton 
931 


Underground: (Cont’d.) 
stoping: 
NARS TS stot eetenonreacs ere 


POLAT ess chewneanancesaiewenatesve a 
Transportation: 
Scraping: — 
Scraper hoistMen ......cseces 
Scraper hoistman’s helpers 
Scraper DOSSES ..ceseevees ruses 
POtAlseasees i ese eadewoaseaees 
Conveying: 
Conveyor operators ......e... 
Haulage: 7 
Motormen ...... ee eiusteaaseueiats 
Motorman’s helpers ......... 
T Ota) seaaatessdcteeussse vies 
Total transportation ........06. cae 
General underground: 
Nippers vevevee aaueins Mesasaes 
MAMDET INC 44 ociesidesesandes 
Blgciel.ceqlcre mene renee rrr 
PIPCMECN ...ecveccvece iavewiuness 
Pipeman’s helpers .erecssees. 


“050 


002 


023 
075 


Surface labor charged to 
underground: 
| “I COMIPreSSOrmenincvisscsisaies 
_ BISCKSMIMNS wis sewsiwawansinedes 
— Drill sharpeners bee aeeaien 
Drill sharpener’s helpers. 
' Drill repairMen .vcccccveseess 
MeCHaNICS ..esewseeeescsservenes 


oe eer ee 
NANOONMNDOM 
DODSDCGSO 
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TABLE &. - Labor for mining 5,000 tons a day from shale 
44 feet thick, including Gevelopment (Cont’d.) 


No. of 


Wage scale 


Class men per | per shift Amount | Cost 
of labor deys | (Jenuory) per day |per ton 
i; 1931 ; 


2 snifts 
Surface: 
Coarse crushing: 
CrusSner MEN emesssesesseiessesew 
Tramway: 
GPM N as. cetessk ccs eee eres 


30.006 


O09 
Miscellaneous surface: , 
CATPenter sssstcicscswiesrndesests 
Truck aie seees aeescceseceece! 


-009 
024 
283 


Manarer ocarcene eee ce erecccecareceree 
Superintendent o....isccsecvecveees - 
Mine foreman......... GG cpacanned | 
Tramway fCreman.....sc..csseceres 
Shift LOSSOS .....ccecserscerecveseues -_ 
Chief Engineer ..scscsssssecconesce| 

Assistant Engineer ......cccrcccere 


Clerk-purchasing agent.......... 
TIME WSS Der oes awisessenieseesewease 
WaTenOuse man vie. sicicissenesentews 
«OZo 
Total labor and supervision........ .306 
Cost of workman’s compensation 
at $4.27 per S100 vissssssveses ree 

Total labor and supervision cosi, 
_ including workman’s compen- | 

BEION vesaesauwssucumanianeddeiecseeneue 1,593.94 2019 


SUITE DEL LOM: enehetutwcceeneueness 0.06 
Tons per shitt: : 
Underground labor ............ 18.7 
SUrtace Labor sccidsemes vrstausces 203.38 
TOE) 12 DOM scepuieeeus saersweaees .£ti2 
Supervision ..... mbaseeecenees 370.4 ac 
Total labor and supervision 16.4 
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Workmen’s Compensation 


As a larger tonnage ber man employed would be obtained than in the 20- 
foot bed, the cost of worirraen’s compensation insurance would be less. It is 
estimated at 1.3 cents a ton under existing Colorado rates (1921). 


Total Fant, Interest, and Amortization 
The plant described for mining the 20-fonot shale bed with additions would 


Serve equally well for mining the 44-foot bed. Following is a list of the most 
important additional equipment needed and the total cost of the plant. 


Scraping: | | i 
6 additional scraper hoists........... ent ote eeaee » 720,034 . 
© POOILIONAl  SCra le LS cwisticacsuevensedsioneardawane ieee 15200 
Haulage: ; 
3 additional 8-ton iovearouve Ss, and qT additional 
4-ton locomotive, delivered ..s.scceceee Geusessieess™ 20,000 


40 5-ton cars, delivered ....sseceee seb ee eae saceeaae ~0L000 
Compressor plant: _ fe 
1 additional 5,000- cubic foot compressor,’ 


Instat 6d, -ccbassoccios one teoceeesvenesansen vous: satdesaae 40,000 

Ore bins: . ate ace 
é additional 5,000-ton bins, erected Pesienee Baan ies: - 92,000 
. - 209,294 
Plus 20 percent for miscellaneous items sateee opeiweets «> 41,859 
Total increase in capital COSt....csccccecccens inc weveieeiea COL; LOO 
Cost of smaller plant.. idan Merete ouessaatieanetea ewes 000,000 
Estimated cost of larger plant . isnaeedemeaes pun ohiawaaes neon 153 


This cost would be amortized over a period of 15 years with interest at 
6 percent. During that time 27,000,000 tons of shale woud be mined. Interest 
and amortization would average $0.073 a ton. 


nummary of Costs 


Table 10 is a summary of costs. 
Mining 108-Foot Shale Bed 


Open stopes are not considered practical for mining the 106-foot shale 
bed, because shale pillars of this height probably are not strong enough to 
stand without sloughing. Moreover, the back would have to stand much longer 
than in rooms in the 20- or 44-foot beds, and the hazard of slabs falling on 
the workmen would be correspondingly ereetee: 


sublevel ae and a caving method. The costs per ton in shrinkage stoping, 
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as obtained elsewhere, are too high to make this method practical with this 
gerade of material. The main objection to sublevel stoping is that the walls 
might not hold, therefore, a method of caving generally following standard 

practice but adapied to the conditions expected at Rulison is proposed. 


From inspection of the shale at Rulison, both at the surface and under- 
ground in the stopes that were opened during the experimental operations of 
1925-27 and 1928-29 and from a study of the action of difficult-breaking rock 
in mines using the caving method of mining, it is concluded that the oil shale 
could be mined by a caving method. As this particular rock has never been 
mined by caving, an experimental stope should be undercut and enough of the 
shale drawn to determine what the caving action would be before large-scale 
operations are begun.: It would probably be necessary to modify any system 
devised. 


As the ciate is a Pare tough rock and is free from faulting or fracturing 
- development workings probably would not need to be timbered except when 
weight from the undercutting level is transmitted downward through an 
unbroken pillar or under the fulcrum of a cantilever of under-cut shale. Such 
transmission of weight usually can be avoided by properly undercutting and 
drawing. 


As no pillars would be left between panels, a high percentage of the shele 
in the blocked-out area would be extracted by the caving method. 


The deposit is not thick enough to get the lowest costs by a caving method. 
Except for the cut-off stones around caving blocks, the cost of development 
and stope preparation would be the same for a 106-foot bed as it would for 
one 200 or 300 feet thick. The main disadvantage, of a caving method, however, 
would be dilution of an already low-grade shal2 with material of very much 
kower grade, the average oil content of the 25 feet of overlying shale being 
estimated at about 10 gallons to the ton. The first 4 feet is almost barren. 
Assuming a 10-percent dilution, all coming from the 10-galion beds, the 
average grade of shale produced by caving would be 23.8 instead of 25.4 gallons 
a ton. 


As large fragments are to be expected in mining, provision must be made 
for handling them. The methods proposed for mining the 20- and 44-foot beds 
are such that the shale is not shoveled or passed through gates or chutes. In 
a standard branch-raise caving method the rock must be pulled first through 
the draw points, then passed through a grizzly into a gathering raise, and 
finally drawn from the chute into a car. A modification of the standard branch- 
raise practice, however, is to draw the shale into scraper drifts, which also 
are used as bulldozing chambers. Eoth methods are discussed in this paper. 


8956 ae 


Google 


Scale, feet 


Figure 10.—Lay-out of blocks for mining 106-foot bed of shale. 
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To prevent the shale from ccllecting at control points, all openings must 
oe as large as practiccble. Although draw points and branch raises are usually 
4 by 4 feet in section, these orenings should be at least 6 feet in diameter for 
mining oll shale. The natwre of the shule is such tnat these larger orenings 
could be expected to stay open without timberine. 


Undercut Block-caving Method, Using Branch Raises 


Blocks for mining the oil shale by the branch-raise method would be laid 
out as shown in figure 10. Panels of the size shown weuld contain 1,362,000 
tons. Each panel is 1890 feet wide and 1,071 feet long and is normal to the 
main haulage drift, from which two brancn drifts pass lenethwise under each 
panel (fig. 11). Loading chutes are installed at 30-foot intervals along the 
haulage drifts and are connecte il by branched transfer raises to the grizzly 
level 62 feet above. On the latter level, grizzly drifts are run across the panel 
at 30-foot intervals and are connected at the ends by supply drifts. Grizzlies 
are installed at 15-foot intervals along the grizzly drifts, one over the top of 
each branch of the transfer raises. 


A control or draw set is built over each grizzly, and from each set two 
draw raises or “‘fingers’’ ere driven to the undercutting level 12 fect above 
the top of the grizzly level. Above this point the raises are belled out in such 
a way as to connect the lines of raises parallel to the grizzly drifts. Under- 
cutting is then complcted by drilling and blasting the remaining pillars. 


Fcllowing are proposed sizes of workings, grizzlies, and chute openings: 


Finger raises, 6 feet in diameter. 

Griszly sets, 6 feet high by 5 feet wide. 

Grizzly drifts, 4 by 5 feet. 

Main haulage drifts, & by 13 feet. 

Branch haulage drifts, 8 by 10 feet. 

Branch raises, 5 feet in diameter. 

Supply drifts, 4 by 6 feet. 

Grizzly openings, 16 inches between bars, 36 inches between cross pieces. 
Chute gates, 60 inches in width. 


As shown in the longitudinal section (fig. 11), about 12 feet of the bottom 
of the block will be drilled and blasted. Enough of this broken material would 
be drawn to allow for expansion of the shale as it starts to cave in the back. 
This blasted shale also would act as a cushion for the falling shale and allow 
some travel downward, under pressure, before the freshly caved shale reached 
the draw points. It is expected that the uneven downward travel of the caved 
Shale would tend to shatter flat slaps. Possibly a thickness greater thanla ~ 
feet would have to be mined in the undercutting operation to allow better 
creaking up of the caving shale before it reached the draw points, 
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The work would be organized so that one operation would not interfere 
with another. Undercutting weulc precece drawing far enough so that the 
undercut area would iae.-veiznt vefore the lust pilier between the connected 
rows of raises was blasted. 


It is purdosed to mine the shale by advarcing from one end to the other 
of a continuous pare] rather thaa ii -iceks, so thet the flat beds may form 
cantilevers end be put unser a Sivain nofore caving, and thus tend to prevent 
the shale from brealzing into large slabs. 


The panel would be cut cff at the ends end sides by narrow shrinkage stom 
from the undercut level to the tev of the siale. After the first panel was mined, 
only the end and one side cut-off wold be necessary, and probably it would not 
be necessary to run these stores to the top of the shale. The cesirable height 
could be determined only by cxperience. If any large section of a panel should 
fail to cave, it could be cut off by running shrinkage stopes across the panel 
wherever necded. The 130-foct with of canel, which is more than customary 
in the mining of porphyry corpe~ ores, wis taken to insure caving of the snale 
without extending the undercutting an excessive distance aiong tue panel. 


Development work in panels. - To prevent interference with haulage of 
the shale, supplies wouid be broucht into the mine through a service adit at 
the grizzly level. Ajl development work on the grizzly level and above would be 
done through this drift, which also would be used for the return air circuit in 
the ventilation system. 


The main haulage drifts would be in a bed that carries more oil than the 
average stope. The material brolzen on the naulage level could be sent to the 
retorts. The first 40 feet of the branch raises would be in shale carrying 15 

to 20 gallons a ton, which also prot. aoly could be retorted. The upper 20 feet 
of the branch raises, the grizzly drifts, and most of the draw raises would be 
in nearly barren shale. It is probable, however, that it would be more economic 
to send all the shale from development work to the retorts rather than to keep 
it separate and put it over the dump. : | 


Haulage drifts. - The main haulage drifts would be 8 by 18 feet to allow 
for a double track. The drifts under the panels would be 8 by 10 feet in secticn. 


The estimated cost per foot of the haulage drifts is $8.49, the same as 
proposed for the panel entries in mining the 20-foot bed. 


supply and grizzly drifts. - The supply and grizzly drifts would be run 4 
by 6 feet in section. The broken rock either would fall or be shoveled into tne 
' branch raises. The estimated cost is as follows: 
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Cost of driving grizzly drifts (4 by 6 feet in clear) 


One 3-foot round per shit; average break, 2.5 feet 


Labor, 1 shift at $5.00..... i oncwasnteneees ie ecaas Saaweee4 $2.00 
Explosive, 6-1/2 lb. per ft. at SO. 16 seessseseeees ese 1,04 
PUSS ONG CAS ivisecieiesveriareniiasiaoeiecs Wika sedacwetoaaies | ~20 
PAY sare te ouaas anise erivigtese sduiaislee tia eaneeewslae ea haus eniasmeneouead es 67 
sharpening steel, 12 bits per round at 30, 10 each. 48 


Drill repairs at $0.40 per Shift ......ccccsccrccccvess exten 16 
Other supplies , 


se ne cncsct LO Cl trarmigne Sottsias chase inlalabteniotantae aloe nee Gainer wis aeaeuaesiars 


Branch raises. - The branch or ‘“‘finger’’ raises are to be run 6 feet in 
diameter. The cost per foct is estimated as follows: 


Cost_of branch raises (6 feet in diameter) 


One round per shift; average advance, 4 feet 


Cost ver foot 


bar, I Sint at b+ C0 taveesdovskcwcesape aesncsexseoeeeesues $1.25 
PX DIOSIVEs 2 10e-at. bOs1O DEl 1s avbiusatanademereweeenten. 64 
PUSC ANd Ca. DS seruiuviwiacisecseetenesetewenseveediewns error PPA) 
PVE Vv sciessiste dies pico tv's wieied Gea e bere Nats bor se Ge eae as ede aneeae Nese Res 45 
sharpening steel, 16 bits at 50.10 each ..........ceeeeee 40 
Drill repairs at $0.40 ver Grill Shift ......ecceccceecoess .10 
OLICT SUDDIICS aiiwscencupewsiena seu occa sddwindeeeedoneesaemenacer 10 
Transportation of broken rock ($0.05 per ton)........ 10 

3.04 
Plus 20 percent for contingencieS ......sessee. siiclanaee peas. 65 
TIPCCL: COSt- DC LOO webiisniesndd neiuunwssaumea sie swrattaanaes 3,89 


Cut -off stopes. - The shrinkage cut-off stopes would be run at such a 
width as to give the lowest cost per foot of area cut off. This is assumed to 
be 4 feet. The cost per ton of breaking the shale in the shrinkage stopes is 
estimated as follows: | 
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LAD OR: aseecuctsues uscangenecneayucseatapaasiutestaweceuabuest $0.31 
Explosive, fuse, and: Caps see eeeeeeenseeenecsecansavece 16 
AIL crvscnededacsivenisesunsveceeuuesenes seaeeeas sedenees acme 12 
Steel sharpening and loss, at $0.10 per Diteess. 05 
DULL: VOPAINS:. + snes wweesiawanevaeneesauhesemascowseresusesse 05 
QUIEr SUDDIES! -siciusne ste stenvaneasaenoeenaunonapsaiides — 
AOL al axasaulotshucstontid sametaedaanecotuaostiness ee -70 


The cut-off area of shrinkage stope necessary for an initial panel would 
be (2,130 + 360) x 106, or 263,940 square feet. The tons broken would be 
263,940 x 4, or 70,400. Upon the basis of $0.70 a ton, the cost per square foot 

15 
would be $0.19. A cost of about $0.10 a square foot is being obtained in cut- 
off stopes in porphyry at an Arizona mine. In succeeding panels, only one 
side-shrinkage cut-off stope would be required, reducing this operation to 
40,000 tons a panel. 


Charged against the 1,852,000 tons in a panel, the cost of shrinkage 
stoping would be $0.036 a ton for an initial stope but only $0.021 for a normal 
stope with only one side cut-off stone. 


Finger raises. - As shown by figure 11, the finger raises extend 12 feet 
above the top of the grizzly drifts to the elevation at which the shale is under- 
cut. The pillars left by using finger raises of this height should be large enous: 
to protect the grizzly drifts. Experience might show. that shorter Pallars will 
6 feet high afford enough protection to the grizzly levels so that they stand 
well without timber. The finger raises would be belled out to permit the 
boulders to come near enough to the grizzly level to be blockholed without 
the necessity of men going into the raises to do the work. Shortening the 
raises would have the same effect. 


In general, as the shale increases in strength it is likely to break into 
larger fragments. Fortunately, however, as the strength of the shale increases, 
the height of the pillars necessary to protect the grizzly level may be reduced. 
A balance must be attained between affording protection to the grizzly level 
and permitting the boulders to come near enough to the level to be blockholed 
safely. 


The cost per foot of driving the finger raises is estimated as being the 
same as for the branch raises ($3.89). 


Undercutting. - As stated, a thickness of 12 feet at the bottom of the 
shale would be drilled and blasted. The amount thus mined in each panel would 6 
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fie a ale x 12, or 150, 00 tons. Allowing the same2 cost of pices as in the 


eadaks stopes ($0.70 a ton), the ‘cost per ton of ore in the vanel would be 
$0.0771. 


Total panel de dey2lopment. - The total development end preparatory work 
necessary to mine a 120- by 1,071-foot panel and the cost per ton of shale to 
be mined are shown in table il. The cost per ton is estimated at $0.2961. 


TABLE il. - Development work necessary for panel 180 by 
1,071 feet for mining 106-foot bed of oil shale 
by caving metnod 1,8¢2,C00 tons in panel 

(130 = 1, at oan 106) 


Cost per ton 
of shale 


Main drift (across — 8x13 x 180 ft. at $17.61 


DOP LU scentsteeabosueeatinesewennvat usecucesseisaesuenusore veces 3,170.00 ¢€0.0023 
Haulage drifts,-2, °° x 10x £14,121 ft. 2,c42 ft. at 

DOcLD aweadecsesiovacimetaseusdsndensceeesssscaeuesasswedesesexs i 16,034.00 .0140 
puooly crit, 14 eG % 1.291 Te at S508 sscteccvewes: 7,139.00 0052 
Grizzly drifts, 86, 4 ~ 6 x 160 ft.; 5 on ft. at 

GD: Oo: aconesu weiss SeoueabuG suis save eccecwe sea oeeisewneeetaens as aems aro 0,0: 0234 
Branch raises, 72,210 ft. of raise, each 6 ft. in | 

diameter; 15,120 ft. BUOi00 sausaeivoweesinncaereicaane 5€,317.00 .0432 
Finger raises, 664, 12 ft. long; 10, 308 ft. at 

Gio we iaw are tareweseue eaweensdee net eeuctaeeeaaedecs beementes 40,332.00 .0296 
Shrinkage stope, 40,000 tons at $0.70 ....cssscscccoees 28,000.00 .0205 
Undercutting stoping, 150,000 tons at $0.70 ..sseces. 105,000.00 O771 
Grizzly and draw-set installations, 462 at $200 ... 86,400.00 .0634 
Pony sets and chutes, 72 at $300...... wemieeeaenenseess 21,600.00 .0159 
service raises, 2, 4x6 x 62 ft.; 124 ft. at S6....... " 092.00 0007 


General development. - The general development necessary before the 
production of shale is begun is shown in table 12. This work is charged against 
72,000,000 tons of shale, or a 20 years’ supply at 10,000 tons a day. The cost 
is $0.0008 a ton. The total cost for panel and general development would be 
€0.2851 a ton. 
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TABLE 12. - General development necessary for mining 
block of 72,000,000 tons (20 years’ supply) 


Main entry, 420 feet at $17.61 .....cccccoces wo | S$ 8,628.90 
supply drift, 1,121 feet at $8.49...... dae eeeuues 9,517.29 
supply drift, 1,411 feet at $15.00 .............. 21,165.00 
Ventilation drift, 1,800 feet at 58.49 .....s00.. 282.00 
WOU seetwesnnaw leiewiaw Seioa swmaentian teed eenes eaiesis | 54,593.19 
Cost per ton of shale, general development. Q.0008 
Cost per ton of shale, panel development.... 2990 
Total cost develooment per ton.......cceee 2961 


Drawing. - To allow for drawing down the shale in the area being worked 
an average of 1-1/2 feet a day, 22-1/2 tons would need to be pulled from each 
draw point. For a production of 10,000 tons a day, 444 draw points would have 
to be in service. The best drawing practice probably would be to have 6 lines 
of grizzlies with 24 draw points active in each panel. Three or four panels 
would be under production ata time. If 1 foot a day vertically should be 
mined in the productive area (equivalent to 15 tons a day per draw point), 4 
or 5 panels would have to be active; allowing for finishing one stope and stari- 
ing another during much of the time, 5 panels would have to be in operation 
to produce 10,000 tons daily. _ 


After being undercut and caved, the shale would be drawn through the 
draw points and passed through the grizzlies. . Slabs too large to go through 
the grizzlies would be block-holed and blasted at the bottom of the draw points. 
The chute tappers would wear safety belts, es is the practice at the Morenci 
(Ariz.) mine of the Phelps-Dodge Corporation, to prevent falling through the 
grizzlies. | 


At Morenci, an average of 120 tons a snift ver chute tapver is drawn in 
hard ore. 


At the Inspiration Copner mine at Inspiration, Ariz., with the same kind 
of control but in better-breaing ore 250 tons is drawn per chute tapper. On 
account of the possibly large amount of chutc blasting, an average of 100 tons 
a day has been assumed for mining the oil shale. At $4.50 a day for chute 
tappers, the labor cost of drawing the ore would be $0.045 a ton. 


-. Dilution. - Judging from the_results obtained at copper mines where an 
undercut caving method is used, LU/ and from the physical characteristics of 


16/ Gardner, E. D., Undercut Block-Caving Method of Mining in Western 
Copper Mines: Bureau of Mines Inf. Cir. 6350, 1930, 44 pp. (p. 28). 
17/ Gardner, E. D., Work cited in footnote 16. 
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the oil shale, a ‘dilution of eau 10 percent should be expected in ee the 
anticipated tonnare fro: mn 2 panel. 


Owing to the absence of vertical soft streaks and sticky material in the 
snale, most of the dilution probably would come from the first 25 feet above 
tne beds being mined. This being the case, the expected average grade of the 

shale would be 23.8 gallons a ton. 


Transportation. - The cost of hauling the shale ts taken at the same figure 
aS in mining the 20- and 44-foot beds ($0,050). The lower haulage costs 
attendant upon the larger tonnage hauled probably would ofiset the higher cost 
of loading the cars through chutes than from a conveyor belt. 


General underground <pense. - The cost per ton of miscellaneous work 
inderground is difficult to estimate before operations are begun. An approxi- 
mate figure of 3 cents a ton is used. 


At it is expected that the ground will starid better than in copper mines 
using caving methods, less repair work should be necessary in the haulage 
and grizzly drifts. More repair work probably would be necessary at grizzlies 
ind in chutes than the averaze for copper mines. As the mine can be laid out 
ina regular pattern and temperatures are low, ventilation should cost less. 


Surface labor charged to underground operations. - The cost of $0.025 


2 ton for mining the 44-foot shale.bed has been used for surface labor. The 
oxroportionate expense of labor for sharvening steel, repairing drills, and 
Merating the compressors is included in the estimated cost of stope preparation 
and development. This is allowed as an additional safety factor. 


Supervision and engineering. - Close control of drawing is necessary 


vith a caving system of mining. This work usually is supervised by the engineer- 
ing department. An engineer is detailed to each section of the mine and checks © 
ne quantity of ore drawn from each chute, to conform to a predetermined rate. 


The supervising, engineering, and clerical force necessary to mine 
10,000 tons daily is shown in table 18. 


Workmen’s compensation. - Owing to a larger tonnage per man, a 
relatively smaller force per ton mined would be required than in mining the 
thinner shale beds. The charge per ton for workmen’s compensation is 

*stimated at $0.01. 


Total plant, amortization, and interest. - The equipment necessary to 
mine 10,000 tons a day is listed in table 14. 
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TABLE 13. ~ Monthly pay roll, supervision, enginee rings and clerical 


Manager, $16,000 a year, 1/2 reper to mine... 
Superintendent, $10,000 a -—* bis@euiewuaeateaaewecesene 
Foreman, $6,000 a year.. sea wawwanewacueepecuscue 
Stoping shift foreman, $4, 800 : a year . sebbgadmeuseseaes 
Development foreman, $4,800 @ Year .eccrecsceceees 

Shift bosses, 6 at $180....... Sedeabeteesecese iecaneewenes 
Chief engineer ....... siusieiew Slewists eiea amane iV awecnueeemeeenbuer 
Stope ENGINEeL ..cveceess seaibeseseuaeas sles oameuanedetewees es 
Assistant engineers, 8 at: $178 unease seswesesaseoues 
Chaivmans2 at D100 cssesstasceccsscsesaiwstiossceccssssees 


Draftsman ..... LoewaweeneaseGesecanseees paaebonenenees seevaes 
safety engineer ....... aaislslesiewads Pasco ose awssiees ssauuaaatee 
Ventilation engineer .........secees sGaveaewses sate eeceeanes 
CHICE CLOLK, scccesssvessecavcdwawses isaees diesawecaaenisesenese 
Time clerks, 4 at $150 . swlesieneen one sanneeoraawoeees rerer re 


This ccnstitutes a charge of 2.66 cents a ton. 


TABLE 14. - cost of plant and equipment for 


ae 10,000 tons daily from 106-foot bed+/ 


Underground mining equipment: 
- Drilling equipment: 


30 drifters, 110-1b......... Dogan Geeeewececnuiieee ean aes eer 
LOO STO DELS othe ccenaucahevansevuve shesweueweeens seuadcscene stan 
60 jackhammers, 40-lb........ ecw aa vuarsleanieuseareeiaeetes 
30 drill columns, 3-in., Single-SCreW ....ssscceececesees 
Air hose, 1-in., 6,000 ft iisseatewessaees sigiveniaccateasieen 
Air hose, 3/4-in., U,000 Tt wesisssesvecces pevousnisasoansasese 
Water Nose. -10, 000 fb sssecsicinusenuassevssisecveneces eieiieaiet: 
LOtaleaces age eee cancabinwuioee dale seGiaw seen wasetaeceaaelensesewas 
Underground ‘ore-transportation equipment: 

8 trolley locomotives, 8-ton ...sccccsese Eee rr Te 
4 trolley locomotives, 4-ton ...cccccccccseeee paiieaacwisian biel 
Freight on locomotives...cccccccscccses sealouaubseseseebaces 


1 synchronous motor-generator set, 600-kw.,  250- 
volt d.c., 900-r.p.m., 3-phase, 60-cycle, 2, 200- 
volt a.c., complete with auto transformer; shipping 


weight, 34, TOO Disseeaceitwss ibe cedae se ueeeewennee Sotewenies 
Freight on raotor-generator Set .rcceceseeee err re 
ls 2-nanel, manually operated switchboard; shipping 
WEICNL,. 12,800 1 bic cusciaenedccsesseseesoewessoeus seas aeaisws as 


See footnote p. 52. 
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Underground mining equipment: (Cont’d.) 


Underground ore-transportation equininent: (Cont’d. Ps 
ELEC IL OM SWItCODOITG: sic si tn vanewaaenesdseipeewetaniesees 
Le AULOIMALIC vO LOCUCT watevagsiwantauyiabaency seveauesaereese 
120 DStOn Granby ty 06 Cars 4ctcyceeetricses sabia tecnstecsaus : 
PVOICTUIOM CALS isn dessamatves cravaauines rr ee | 6,72 
20 2-ton side-dumn cers for development WOM Kk - amcawe 5,000 
PPCICNt ON Cars: vencinaieedesaiesvoutsminsawaysvewsesusreeeconess 420 
2 TAG CHaniCAl ONC Cl Ses sie ickan salvos vndbadoseadslcees vous __ 18,000 _ 
TO Ua): rats a ciass aiee tains tana emrnale wae cae cau cues bahueneereens $179,331 
Ventilation equipment: . | 
2 fans with motors, es oo; 500, delivered . svacolenanaredomcorarseeit 5, 000 
Sta lation. OF ONS wed vwicacwes stan as sascreiaaeaes eases Fore 2,000 
4 blowers, pesitive pressure, Ets © | orseceveasuulanense rr 2, 100 
410-hp. motors, at ane ian pa vanaeweaseeeebunaseneereeauen 800 
Ola hisevewess Whiseie Mneesuules aaa cei moh cui ws Suaans cewnaneeemnce 11,000 
Total underground mining equipment Hetanseesonewoseen oe 209,141 
Outside plantp 
Mine surface equipment: - 
Compressor plant: 
3 5,000-cu.-ft.-per-min. com pressors butcetinuaaiuee oat 117,000 
Freight ON 3 COMPLESSOVS receccecsessecvesscoccccsecccess 5,610 
Installation of com ee ie) ant sceceseucsamemeumemanene 
PO Ue leieasa ase teeeacvecaee nestles ee eer re rer ve 184,€610 
Shop equipment: 7 a ee 
GO -Shar veneers 10r-dF il) Stee tovssors tinea vatevsusecawies 9,000 
PASTA ATION end. TRCIINt cancun ceetatinedeweanedeoweereseaess ai as: 
ACCCSSOLIES £01 9 Shar sen’ Ss vi ccceicasiuviecseweesss case 6,300 
GOlClOr 26s cain sorstac 1ennneean hae eeenescs tonmwesiadeeeeanns 2,172 
Sa Watlon Of 167 CCS wsiesstateewwenencenveceseecheisye/ises’ 210 
Elacksmith and repair-shop equipment .,......-se00. 10,000 
“Ota l caw rewidssansoaaenaser ieee nueee cacwesesaaneees covees doves | 28,807 
D5. OHV sa ere THANSLOMING TS -ccssussbuashcusinaseneadsacteasmuses 3,195 
Buti NGS SN SNOUs cssaweadeensensawseies non wee sees eesew awed: | 35,000 
Hacavation 167 DuLICINeS ssccdiwcsuweas aceueneseues Scene eeeen 5,000 
WAC HOWS ES S10 Cle wa heueinsud Sesdlbemans wes ensuneeiwanateneaseuiens 10,000 
Mine rescue and first-aid equiprnent ..........-seeseoees | 2,000 
Suriace Trans DOrtation CquiIPMENt sicsvecscsseneeeternesvees | 10,000 
Total mine Surface CQuipMent ..... seceeceseseeserencerseeeers 229,119 
see footnote p. 52. 
$58 - 51 - 
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4, ~ Capital cost of plant and equipment for mining 


10,000 tons daily from 106-foot bed+/ (Cont’d. 


ILC. 7218 


TABLE 14. - Capital cost of plant and equipment for mining 
10,000 tons daily from 106-foot bed ont'd. 


Outside plant:(Cont'd.) 
Crushing plant: (Cont’d.) » = : 
1 jaw crusher, 54 by 123 in.; sical from run-of- 


| 
mine to 8 in., capacity: 500 tons per ‘hour, with | 


Texrope drive: shipping weight, 350, O00 Ib. ...eeeee $ 36,000 | 
Freight on crusher. Pueeelenaienacnueea samewerses nealruicailes j 4,000 
1 250-hp., 585-r.p.m. motor for crusher, delivered 2,800 
2 cone crushers, 8 in: through 2-1/2 in. punsete. caecen 30,000 
Freight On CONG CYUSHETS ssi iavecvedenciesencss Sods donates 1,946 
2 motors, 150-hp., Somverce saadeawiaaw enw nesuaisaciueetes 3,724 
TEXTODE GLVIVES se wsssevesevesecuss scons veuouemelinedvemasenees | 1,904 
2 pan conveyors from coarse crusher to cone | ; 
CLUSNCTS: wieiiciecevacees ieasebea ean cen aaeueeemenaet aes seeee | = 4,400 
2 belt conveyors, 40-ft. Tong, from cone crusher to 
ore DINS ‘eSceceasdecvocs decccvccceccccvecs ec cecccevecvecces eeeeee 3,400 
Freight on conveyors sinGiaus sbvae esses teeneiasw oceans acceaes 156 
Lerane,:L2stOn sicasaseaseouesene peaciinceieausecnsreneneeeess : 1,927 
Freight, 5,670 lb. on Crane .rccscccccscscevees Kagaebouaains | 65 
Beams for crane, including freight... iieonsne 200 
INSLAIIING -CraANC iesisesidadonasccnsseseatcosvenien iseida wraisleisla sities 283 
Foundation for crushing plant......... setuan jos cuameles 4,800 
Installation of 8 crushers and motors” errr ree ere 12,000 
Installing 4 CONVEYOTS .eceseee bc SARaRuie eae namgcaeeenaueneses 1,800 
Crusher building, excavation and foundations Senaouies 10,000 
otal ovevetienade iaenaesauedduecesunel canes eat woneuatnante aes $120,055 
Ore bins 7 a 
Ore bin, 5,000 tons ee se eestencuiadeunbacnesnneee sean’ 
Ore bin, at head of aerial tram; 10, 000° tons capacity | 
IEXCAVALION 10M DINS: sss piviesoewcueecesascs os souuaueacesis eres. 
TOUAL: cAwssaaeevsaacassaeenseiveses prea tsenveresenndatenneeier $138,750 
Otel OUUSIGE DIAN casnucesiccesuesscneosees ce eases oueaueeta 488,520 
Expenditures required by location of mine: 
Aerial tramway, 2 mi. long ...+.se..ee.. ror bce siatueeemran tee 550,000 
Road, 12-ft. roadbed, 4 mi. Jong peeounente Svaniees Suenieatuan 37,770 
Water system: 
Pump, 70 gal. per min. against 3, 000-ft. head, 
complete, including freight and installation qgineaieiins 
2 15 ,000-gal. CADACILY TANKS vssnsedessedsuesseerteeteseass 
Pipe line, 4-in., 15,000 ft. at 60 cents a ft., delivered 
40 expansion couples secunsaasaaedas ner soseaaranlueas acwunn a6 
Installing pipe line...... siotuieia’ ols wraiesiesa s/o gialsre bie win wie Gia awtan aie wales 
LOU lsaaine una deecusaas castes eusieudacawelavdeulesveseewseareesiavess 14,795 
Trucking initial equipment from railroad to mine . 20,000 
Total expenses required by location .....scccsccsees reeee 022,565 
Oa PAMG tOte leacsesaaantrocacdtlsnses ciate sleutsuulenmenie sbanened crete 350,228 


Unit prices, except as noted, are those ziven in the corresponding table o 
9056 plant cost for mining the 20- FRCL Re ed. 
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The proposed use of a double tramway to handle 10,000 tons a day rather 
than a railroad to the mine or a haulage adit with a rock raise to the main 
workings may be questioned. To reach the mine, a rise of 2,500 feet is neces- 
sary, with a maximum grade of 2.5 percent, so that a railroad would have to be 
10 miles long. At 1 cent per ton-mile, the charge for hauling the shale would 
be 10 cents a ton, against 2 cents estimated for the tramway. The cost of 
hauling the shale 2 miles from the bottom of a 2,000-foot rock raise would be 
as much as the cost of transporting it over a tramway. Pulling the shale from 
the chutes woulda increase the cost further. Moreover, the possibility of 
delays and the danger to workmen should this long raise hold up make this 
method unattractive. | 


The total equipment necessary for mining 10,000 tons daily (see table 14) 
is estimated to cost $1,350,226, or in round figures, $1,400,000. Amortized 


over 15 years at 6 percent interest, the amount per ton for 72,000,000 tons 
would be $0.043. 


summary of costs. - The summary of the expected mining costs is shown 
in table 15. 


TABLE 15. - Summary of costs per ton for mining 10,000 
tons daily from 100-foot bed of shale 


(15 cubic feet = 1 ton) 


Drawing, at 100 tons per man = $4.50 .......ccccccsceseees $0.045 
Development work and stope preparation .....cccccccccves 296 © 
General underground EXPENSE ..cceccsccecesssceer neienisies Sees .030 
Underground Trans portation sswieviseascswncsectwdvaaesew'ss braavs .050 
surface labor charged to underground operations...... .025 
Supervisicn, including engineering .......... er re 027 
CLUSHING sremecse stew osnecesaases ane Cocco rece ecercceceveseveceees eee .030 
PATNWAY sicvnciesceeses Genie beaeaGeasloewabneeusmeauiaraenen Te oNs 020 
Workmen’S COMPeCNSAatiOn......cevecccevscevvecs saiabadasteswaed .010 
Interest on $1,400,000 at 6 percent, and amortization 

over 15 years and 72,000,000 tons ...cccsccccecessccccvecs 043 

Total 


Undercut Block-Caving Method, (sive Scrapers 


In addition to the standard block-caving method as already proposed, an 
alternate plan is advanced for mining the 106-foot shale bed by using scrapers 
in the grizzly drifts. These scrapers would pull the broken shale from the 
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draw points at the bottom of the finger raises along the grizzly drifts and dump 
it directly into cars in the haulage drifts. 


If the shale from the draw points could be drawn by scrapers and loaded 
directly into cars, no working would be necessary below the grizzly level. 


A slightly larger investment would be required for a scraper system than 
for the standard haulage system. With a branch-raise system, the raises 
act aS measuring devices; whereas, if a scraper system were used, it would be 
harder to estimate the quantity of shale drawn frorm each draw point. 


The following estimate of mining costs with a scraper system indicates 
a possible reduction of the total cost from $0.576 to $0. 5388 per ton, a net 
saving of $0.038, or 7.1 percent. 


As proposed under the section on block-caving using branch raises, 
preliminary development would be about the same, except that the branch 
raises would be omitted and the haulage drifts would be immediately below the 
bull-dozing level instead of 62 feet below it. Panels would contain 1,362,000 
tons. These panels are 1280 feet wide, 1,071 feet long, and normal to the main 
haulage drift. A branch haulage drift runs up one side of each panel. 


Scraper drifts are driven across the panels from a point about 8 feet 
above the branch haulage drifts. These scraper drifts are spaced on 30-foot 
centers and are connected at the ends by fringe drifts, which are used for 
supplies and ventilation. 


At points spaced 15 feet apart in the scraper drifts, two draw or finger 
raises are driven up to the undercutting level, just as in the standard block- 
caving method. These raises are belled out as before, and undercutting is 
completed by drilling and.blasting out the intervening pillars. 


Panels would be cut off at ends and sides by shrinkage stopes, as for the 
standard caving method. 


Drawing and Scraper System 


Figure 12 shows a suggested design for drawing the she. e from the fing2r 
raises through the grizzly drifts by scrapers into the cars.~/ A long, wide 
hopper is built above the haulage level. A double-drum electric scraper hoist 


18/ The Climax Molybdenum Corporation of America uses a similar system 
at its mine at Climax, Colo. Scraper drifts are also used at the mine of 
the Consolidated Copper Mines at Kimberly, Nev. 


8956 -~ 54. 


Google 


"SYUp Buizopying u! ssedesos Bursn Aq aeys 10 JO peq yOOY-90T Buluiw so} poe Busweo-y901q IwepuN—Z] sundi4 


NOILO3S TWNICGNLISNOT 


OOT 


yoo) ‘3/895 


i) 09 Ov oz Ot 0 
3d0LS HONOUHL NOLLD3S JIVH 3SY3ASNVUL 
' rr | _-seddoy jens Burdesos 40 Buizopyng 
Le eo) 


VV VV VV 


Peq Oj-9OT jo Wo} 


901 
709u07.) 
edoys eBexuysys 150-3 


peq 40 doy 


Google 


Fan exhausting 0 


Main haulage drift for block 


L Crushing plant 
| 
! 


Ventilating and supply drift 


[] Fan exhausting 


50’ 


3 3 
é 2 : 
R Tee 
7 8 o . 
7 ae 
g . 
, joel} 
g| 2 
ne 
im 


a] 
1,000 
Figure 13.—General lay-out for mining 106-foot shale bed by caving method, using scraper and trains for transportation. 
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is mounted upon the hopper in.such a manner that it may be moved from one end 
of the hopper to the other within’4 very short time so that it may be used for 
scraping from cither side of the haulage drift. 


The principal advantages of this method of drawing would be in elimination 
of the necessity of pulling the coarse shale through grizzlies and branch raises. 
Moreover, the accident hazard would oe reduced, as the danger of men falling 
through the a S es noe exist. : | 


Figure 13 shows the paces — -out for mining the 1U6-foot shale bed 
by caving methods, using Ecreve = and trains Lor transportation. | 


For mining 10,000 tons a day, 6 scraper hoists in each of 5 panels would 
be in drawing service at all times, a total of 36 hoists in all. In addition, at 
least half this number, or 18 more, would be insta lied in scraper dr ‘ifts to 
handle shale from stope undercutting. | : | 


v eme 8 


approximately 4,500 pounds each. Each would ibe run n by a 45-horsepower 
electric motor. This would give a total of about 2)430 horsepower for scraper 
hoists. It is assumed that the maximum demand, (or peak load, would be about 
half this, or 1,215 horsepower. 


Cost of Scraping 


The labor cost for scraping, Sig a three-snift basis with one operator and 


one helper to each hoist, would be 3 x 54 x (5.00 + 4.50), or $0.1539 aton. The 
10,000 


power cost, upon the basis of $4.05 per horsepower per month, or $0.135 
per horsepower per day, would be 1,215 x $0.135 = $0.0164 a ton. 


10,000 
The estimated co cost of the scraper paStena on is as follows: 


54 scraper hoists, Asihie<deurn electric, £5 - sa So ides with - 


cable, etc. at+ $2,500 each C- $135,000 

54 scrapers at $210 each _ _ 11,340 

54 steel scraper ech iane at. + - $BCO each | a 27,000 

Total | | of eS ae So, On O 
Haulage 


Standard train haulage will be used to transport the brcken shale from the 
scrapers to the outside. Cost of this equipment should be the same as that under 
the section on Standard Block-Caving methods. 
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Cost per ton, as before, is estimated as $0.05. 


Development 


Development work necessary for each panel is shown in table 16. 


TABLE 16. - Development work necessary for panel 180 by 1,07] 


feet for mining 105-foot bed of oil shale by caving 
method, using scrapers; 1,362,000 tons in panel 


eee eee at Total Fer ton 
Main haulage drift (across panel), 8x13x180 ft. | 
Bt 1201 Per ty .setensdeelonsdonenniaveeimonsescseavenss S$ 3,170 1|$0.0023 


Branch haulage drift, 9x10x1121 ft. at $8.49 

DEP Ths-s400es senalyede esau cnaeneniine peas nema der eiieseek 19,084 .0140 
supply or fringe dritt, oxTx1 171 ft. at a5, 53 

DEY Tl saphvoraness digo Ed dees beicenbeaaueuesasGbeniaweaante . 6,476 .0048 
scraper drifts, 36 of 5x7x160 ft., or 5,760 ft. at 

Dos0o. Del Teswessear cubbane Nam OneeRaeapueneaesseeees 51,853 .0234 
Finger raises, 864 12 ft. lone, or 10,368 ft. at 

SosOo DEL Tl waceaesuanccammanquste tewseneseeseus errs 40,332 .0296 
Shrinkage stoping, 40,000 tons at $0.70......0006- 28,000 .0205 
Undercutting stoping, 150,000 tons at $0.70..... 105,000 0771 
Draw-set installations, 422 at 200 ........ceeceoes 0634 

| ool 


The cost for general development work necessary for the block-caving 
method of mining the 106-foot shale bed is given in table 17.. This work is 
charged against 72,000,000 tons of shale, or a 20-year supply at 10,000 tons 
a day. 


TABLE 17. - General develooment work necessary 
for mining block of 72,000,000 tons 


Main entry1/, 490 ft. at $17.61 per ft...... S 
Ventilation drift, 1,800 ft. at $8.49 per ft. 


1/ All of main entry except 490 feet charged to panel development. 


8956 - 56 - 


Google 


1.C. 7218 


Total Plant, Amortization, ard Interest 


The total equipment necessary for mining 10,000 tons daily is the same 
s that shown under the section on block-caving with branch raises, with the - 
sowing exceptions: 


54 idea electric scraper hoists, complete, at 


approximately] b2;000 CACH sisscvieccanenswsesvaceowawieronsees $125,000 
54 serapers at $210 CACM seevevsseeresserseesersssescsrereceeed 11,3840 
54 scraper hoppers at approximately $500 each......... 21,000 
TEOUGL. ..daia@ianecsssaeesncd nace toncswacersaces cscs eieboesueeeadees 173,340 
Total of plant cost for mining 10,000 tons, as per 
LADS 1S uirigd don sacs ne aeacmeints Gosoagole cate eesie ed awieeebineemeen nen 1,350,225 
POAMAOME sezumadie ees tosnasecessseouieueseacacdeusvenusesceeanees 178,340 
(GYAN LOLs): idcucbas ierctatciecaseanivatcatsmesameswecnesnsensesest 1,826,500 


The cost of the tctal equipment for block-caving 10,000 tons a day by 
using scrapers therefore is $1,523,566. Amortized over 15 years at 6 percent 
interest, the amount per ton for 72,000,000 tons would be £0.050. 


Sunmary_ of costs 

The expected mining ccsts are summarized intable 18. This gives a 
cost of $0.538 a ton compared with $0.576 fox block-cavine with branch raises, 
or a saving of $0.04 by using scrarers. 


TABLE 18. - 


Drawing, at 100 tons per man = $4.50 ....ccccesvccvcsoee $0.045 
DCT AD! NG wsswesisdaten se nawtesgaeeewov ntuwes veweuseuetosteneeren ses i .016 
Develonnient work and stope preparation ..ccsccccscese 2230 
General underground CXLSNSE .ececccscescccceceees a vaeeiee .030 
Undergrcund transnortation issisccsicescasseseecees icvasass .050 
surface labor charged to undergr ound onerations ues 025 
Supervision, including engineering .....cscsscecescccccess 027 
Crushing ssisevearesce Nimes iabecue er eaceuoupueteees eseaiiaanes .030 
Tramway | girls bsiediede sea Need wa tianinualnadewnstewannoeseunes een eens .020 
WOR IMEN S COmIpenSaLiON  ssucssenesnteiawss aan saecemeanes .010 

Interest on $1,500,000 et € vercént, and sraortization 
over 15 years and 72,000, 000 LOWS ccsics wdeaemieacessuiees .050 
el litsasaia staaedidhais taraiecstaibsa aseauieintaidlsaiale & arausle Due sranmelane mae deioaaes Rslote: 
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SUMMARY OF EXPECTED PROFITS IN MINING TEE THREE 
THICKNESSES OF SHALE 


Table 19 shows the profit that could be expected from mining shale under 
the various plans considered in this paper. It essurnes, for example, a value 
of $1.00 per barrel of 42 gallons ($0.0238 per gallon) for the oil in the shale 
as delivered to the retorts, and a 95-percent extraction of the oil in the retorts 
From this table it would seem that mining 5,000 tons daily from the 44-foot 
bed would afiord the greatest profit, unless the value of the oil in the shale 
greatly exceeded $1.00 per barrel, in which case the caving method would he 
most advantageous. ~ 
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